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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a novel liquid crystal composition and liquid crystal device using the 
composition, and more particularly to a novel liquid crystal composition with improved responsiveness to an 
electric field and a liquid crystal device using the liquid crystal composition for use in a liquid crystal 
display apparatus, a liquid crystal-optical shutter, etc. 

Hitherto, liquid crystal devices have been used as an electro-optical device in various fields. Most liquid 

70 crystal devices which have been put into practice use TN (twisted nematic) type liquid crystals, as shown in 
"Voltage-Dependent Optical Activity of a Twisted Nematic Liquid Crystal" by M. Schadt and W. Helfrich 
"Applied Physics Letters" Vol. 18, No. 4 (Feb. 15, 1971) pp. 127-128. 

These devices are based on the dielectric alignment effect of a liquid crystal and utilize an effect that 
the average molecular axis direction is directed to a specific direction in response to an applied electric 

75 field because of the dielectric anisotropy of liquid crystal molecules. It is said that the limit of response 
speed is on the order of milli-seconds. which is too slow for many uses. On the other hand, a simple matrix 
system of driving is most promising for application to a large-area flat display in view of cost, productivity, 
etc., in combination. In the simple matrix system, an electrode arrangement wherein scanning electrodes 
and signal electrodes are arranged in a matrix, and for driving, a multiplex driving scheme is adopted 

20 wherein an address signal is sequentially, periodically and selectively applied to the scanning electrodes 
and prescribed data signals are selectively applied in parallel to the signal electrodes in synchronism with 
the address signal. 

When the above-mentioned TN-type liquid crystal is used in a device of such a driving system, a 
certain electric field is applied to regions where a scanning electrode is selected and signal electrodes are 

25 not selected or regions where a scanning electrode is not selected and a signal electrode is selected (which 
regions are so called "half-selected points"). If the difference between a voltage applied to the selected 
points and a voltage applied to the half-selected points is sufficiently large, and a voltage threshold level 
required for allowing liquid crystal molecules to be aligned or oriented perpendicular to an electric field is 
set to a value therebetween, display devices normally operate. However, in fact, as the number (N) of 

30 scanning lines increases, a time (duty ratio) during which an effective electric field is applied to one 
selected point when a whole image area (corresponding to one frame) is scanned decreases with a ratio of 
1/N. Accordingly, the larger the number of scanning lines are, the smaller is the voltage difference of an 
effective value applied to a selected point and non-selected points when scanning is repeatedly effected. As 
a result, this leads to unavoidable drawbacks of lowering of image contrast or occurrence of interference or 

35 crosstalk. These phenomena are regarded as essentially unavoidable problems appearing when a liquid 
crystal having no bistability (i.e. liquid crystal molecules are horizontally oriented with respect to the 
electrode surface as stable state and are vertically oriented with respect to the electrode surface only when 
an electric field is effectively applied) is driven (i.e. repeatedly scanned) by using a time storage effect. To 
overcome these drawbacks, the voltage averaging method, the two-frequency driving method, the multiple 

40 matrix method, etc. has been already proposed. However, any method is not sufficient to overcome the 
above-mentioned drawbacks. As a result, it is the present state that the development of large image area or 
high packaging density with respect to display elements is delayed because it is difficult to sufficiently 
incfrease the number of scanning lines. 

To overcome drawbacks with such prior art liquid crystal devices, the use of liquid crystal devices 

45 having bistability has been proposed by Clark and Lagerwall (e.g. Japanese Laid-Open Patent Appln. No. 
56-107216. U.S.P. No. 4367924, etc.). In this instance, as the liquid crystals having bistability, ferroelectric 
liquid crystals having chiral smectic C-phase (SmC") or H-phase (SmH*) are generally used. These liquid 
crystals have bistable states of first and second optically stable states with respect to an electric field 
applied thereto. Accordingly, as different from optical modulation devices in which the above-mentioned TN- 

50 type liquid crystals are used, the bistable liquid crystal molecules are oriented to first and second optically 
stable states with respect to one and the other electric field vectors, respectively. Further, this type of liquid 
crystal has a property (bistability) of assuming either one of the two stable states in response to an applied 
electric field and retaining the resultant state in the absence of an electric field. 

In addition to the above-described characteristic of showing bistability. such a ferroelectric liquid crystal 

55 (hereinafter sometimes abbreviated as "FLC") has an excellent property, i.e.. a high-speed responsiveness. 
This is because the spontaneous polarization of the ferroelectric liquid crystal and an applied electric field 
directly interact with each other to induce transition of orientation states. The resultant response speed is 
faster than the response speed due to the interaction between dielectric anisotropy and an electric field by 

^ (P 

3 
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3 to 4 digits. 



Thus, a ferroelectric liquid crystal potentially has very excellent characteristics, and by making use of 
these properties, it Is possible to provide essential Improvennents to many of the above-mentioned problems 
with the conventional TN-type devices. Particularly, the application to a high-speed optical shutter and a 

5 display of a high density and a large picture is expected. For this reason, there has been made extensive 
research with respect to liquid crystal materials showing ferroelectricity. However, ferroelectric liquid crystal 
materials developed heretofore cannot be said to satisfy sufficient characteristics required for a liquid 
crystal device including low-temperature operation characteristic, high-speed responsiveness, etc. Among a 
response time t, the magnitude of spontaneous polarization Ps and viscosity ij, the following relationship 

70 exists: t = 7j/(Ps-E), where E is an applied voltage. Accordingly, a high response speed can be obtained 
by (a) increasing the spontaneous polarization Ps, (b) lowering the viscosity n. or (c) increasing the applied 
voltage E. However, the driving voltage has a certain upper limit in view of driving with IC, etc., and should 
desirably be as low as possible. Accordingly, it is actually necessary to lower the viscosity n or increase the 
spontaneous polarization Ps. 

75 A ferroelectric chiral smectic liquid crystal having a large spontaneous polarization generally provides a 
large internal electric field In a cell given by the spontaneous polarization and is liable to pose many 
constraints on the device construction giving bistability. Further, an excessively large spontaneous polariza- 
tion is liable to accompany an increase in viscosity, so that remarkable increase in response speed may not 
be attained as a result. 

20 Further, if it is assumed that the operation temperature of an actual display device is 5 - 40 ' C, the 
response speed changes by a factor of about 20, so that it actually exceeds the range controllable by 
driving voltage and frequency. 

As described hereinabove, commercialization of a ferroelectric liquid crystal device requires a ferroelec- 
tric chiral smectic liquid crystal composition having a low viscosity, a high-speed responsiveness and a 
26 small temperature-dependence of response speed. 

In DE-A-3 518 734 and EP-A-0 293 910 ferroelectric liquid crystal compositions are disclosed 
comprising a mesomorphic compound having a cyclohexyl group and a phenyl pyridine moiety in its 
structural core. According to DE-A-3 518 734 the phenyl ring may have a fluoro substituent. 

30 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a liquid crystal composition, particularly a ferroelectric 
chiral smectic liquid crystal composition for providing a practical ferroelectric liquid crystal device, and a 
liquid crystal device using the liquid crystal composition and having a high response speed-and a smaller 
35 temperature-dependence of the response speed. 

According to the present invention, there is provided a liquid crystal composition, comprising: at least 
one mesomorphic compound represented by the below formula (I) 



45 wherein Ri denotes an n-alkyi group having 1-16 carbon atoms; R2 denotes an optically active or inactive 
group selected from the following groups (i) to (iv): 
(i) n-alkyi group having 1-16 carbon atoms; 



X 



40 




SO 




55 



wherein m is 1-7 and n is 2-9 with proviso that 3 ^ m + n ^ 14; 



4 
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(iii) 



CH3 



-f-CH 



:2-^CH-f-CH2^0CtH2t,i , 



wherein r is 0-7 s is 0 or 1 and t is 1-14 with proviso that 1 ^ r + s + t ^ 14; and 
10 (iv) 

F 
1 

-CH2CHC3^H2x+l ^ 

75 

wherein x is 1-14 and • denotes an optical active center; 
Yi denotes -C00-. -0C0-. -CH2O- or -OCH2-; Z^ denotes a single bond, -0-, -C00-. -OCO- or -OCOO- 
and X denotes a halogen, cyano group or methyl group; and 
20 at least one mesomorphic compound represented by the following formula (III): 



R5-Z4.^^Y2^(B)hZ5-CH-CiH2i^l (HD, 



35 



40 



wherein R5 denotes a linear or branched alkyl group having 1-18 carbon atoms; ya denotes a single bond, 
-C00-, -0C0-, -COS-. SCO-. CH2O-. -OCH2- or -CH = CH-C0O-; Z^ denotes a single bond. -0-. -COO- or 
30 -0C0-; Zs denotes -OCH2-. -COOCH2-, -OCO- or 

-0-e-CH2 ) ^ O-CH2; -(^^ denotes -(2^' Ki)*' "^I^" 

<ZXi>- <^XI>- -0<H>- <!XiS- 

{o^Qr or : 

^.^ "(^^B^ denotes ^^^^ or *\^yK!'^°^' 

45 

I is 1 - 12 and k is 1 - 4. 

Further, according to the present invention there is provided a liquid crystal composition comprising at least 
one mesomorphic compound represented by the following formula (I): 

50 X 

R i-(t)^z r R2 f 1 3 ' 

55 

wherein Ri denotes an n-alkyi group having 1-16 carbon atoms: R2 denotes an optically active or inactive 
group selected from the following groups (i) to (iv): 
(i) n-alkyi group having 1-16 carbon atoms; 



5 
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(ii) 



10 



15 



20 



30 



CH3 



wherein m is 1-7 and n is 2-9 witli proviso that 3 S m + n 5 14; 
(iii) 

CH3 

_^CH2-V-CH>^CH2^0C^H2t+l 

wherein r is 0-7, s is 0 or 1 and t is 1-14 with proviso that 1 S r + s+l i 14; and 
(iv) 



F 

25 wherein x is 1-14; and * denotes an optically active center; Yi denotes -C00-, -0C0-, -CH2O or ■OCH2-; 
Zi denotes a single bond. -0-, -C00-, -OCO- or -0C00-; and X denotes a halogen, cyano group or 
methyl group; 

at least one mesomorphic compound represented by the following formula (II): 



(II). 



35 wherein R3 and FU respectively denote a linear or branched optically inactive alkyi group having 1-18 
carbon atoms capable of having Ci - C12 alkoxy group; Z2 and Za respectively denote a single bond, -0-, 
-0C0-, -COO- or -0C00-; and p and q are respectively 0, 1 or 2 and (III): 



40 F 

''5-24-<[^Y2-{B])hZ5-CH-CiH2i+l (III). 

rt 

45 wherein Rs denotes a linear or branched alkyI group having 1-18 carbon atoms; yz denotes a single bond, 
-C00-. -0C0-. -COS-. SCO-, CH2O-. -OCH2- or • CH = CH-COO-; Z* denotes a single bond. -0-, -COO- or 
-0C0-; Zs denotes -OCH2-. -COOCH2-. -OCO- or 



50 



55 



6 



EP 0 401 522 B1 



-O-f-CHp ) ^ O-CH2: -(^y denotes -(o^ , "CE)"' ' 

' <«Xf>- <E><5>- 

"(^"bT^ denotes 

J5 I is 1 - 12 and k is 1 - 4. 

The present invention further provides liquid crystal devices comprising a pair of substrates and any 
one of the liquid crystal compositions as described above disposed between the electrode plates. 

These and other objects, features and advantages of the present invention will become more apparent 
upon a consideration of the following description of the preferred embodiments of the present invention 
20 taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of a liquid crystal display device using a ferroelectric liquid 
25 crystal; and 

Figures 2 and 3 are schematic perspective views of a device cell embodiment for illustrating the 
operation principle of a ferroelectric liquid crystal device. 



30 



DETAILED DESCRIPTION OF THE INVENTION 

Preferred examples of the compounds represented by the above-mentioned general formula (I) may 
include those represented by the following formulas (I-a) and (I-b): 



35 



^£>-COO^;^P)hZ 1 -R 2 ( I-a ) 



X 
/-k 



40 



45 



50 



55 



X 

In the above formulas (I-a) and (I-b), Ri, R2. X and Zi are the same as in the general formula (I). A 
particularly preferred class of compounds among the compounds represented by the above formulas (I-a) 
and (I-b) may include those represented by the following formula (I-c): 

X 

R^ ^2^C00^Kp)-Z 1 -^2 ( ) • 

In the above-mentioned formula (I), Ri is a group of (i) below and R2 is a group selected from the 
following groups (1) to (iv). 



7 
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(i) n-alkyi group having 1-16 carbon atoms; 
(ii) 



5 CHt 

I ' 

10 wherein m is 1 - 7 and n is 2 - 9 with proviso that 3 S m + n S 14 (optically active or Inactive); 
(III) 

9«3 



75 



wherein r is 0 - 7, s is 0 or 1 and t is 1 - 14 with proviso that 1 ^ r + s + t $ 14 (optically active or 
inactive); and 
20 (iv) 

F 
I 

* 

wherein x is 1 - 14. Herein " denotes an optically active center. 
Further, in the above-nnentioned formula (I), preferred examples of X may include halogens such as 
30 fluorine, chlorine and bromine, among which fluorine is particularly preferred. 

Still further, in the above-mentioned formula (1), preferred examples of Zi may include a single bond, 
-0-, -COO- and -0C0-. among which a single bond or -O- is particularly preferred. 

Preferred examples of the compounds represented by the above-mentioned formula (II) may include 
those represented by the following formulas (ll-a) to (Il-e): 

35 

R3-22^>^Z3-R4 



40 



«3-Z2^0>^>^Z3-R4 (Il-d) 



8 
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In the above formulas (ll-a) to (ll-e), R3, R4, Z2 and Z3 are the sanne as in the general formula (II). 
Preferred examples of Z2 and Z3 may include those of the following combinations (ll-i) to (ll-viit): 
(il-i) Z2 is a single bond and Z3 is a single bond, 
(ll-ii) Z2 is a single bond and Z3 is -0-, 
5 (ll-iii) Z2 is a single bond and Z3 is -0C0-. 
(Il-iv) Z2 is a single bond and Z3 is -C00-. 
(Il-v) Z2 is -0- and Z3 is a single bond, 

Z2 is -0- and Z3 is -0-, 
(ll-vil) Z2 is -0- and Z3 is -0C0-. and 
70 (ll-Viii) Z2 is -0- and Z3 is -C00-. 

Further, in the above formulas (ll-a) to (ll-e), each of R3 and FU may preferably be a linear or branched 
alkyi group having 4-14 carbon atoms capable of having a Ci - C12 alkyoxy substituent. Particularly 
preferred examples of R3 and R4 may include those of the following combinations (!l-ix) to (ll-xi): 

(ll-ix) R3 is an n-alkyi group having 4-14 carbon atoms and R* is an n-alkyi group having 4-14 carbon 
75 atoms, 

(ll-x) R3 is an n-alkyi group having 4-14 carbon atoms and R4 is 



20 



30 



40 



45 



so 



9«3 



■tCH2-h5-CH-R6 



wherein u is 0 - 7 and denotes a linear or branched alkyI group, 
25 (ll-xi) Ra is an n-alkyi group and FU is 



9«3 



-fCH2-)Y-CHH-CH2-^ORg 



wherein y is 0 - 7, u is 0 or 1 , and Re denotes a linear or branched alkyI group. 
Preferred examples of the compounds represented by the above-mentioned general formula (III) may 
35 include those represented by the following formulas (lll-a) to (lll-f): 



55 



9 
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R5-Z4-<^COO-<g)-Z5-CH-CiH2i^, (Ill-a) 



R5-Z4-<T)-COO-<^Z5-CH-CiH2i^1 (IH-b) 



F 

R5-24-<QX0>'25-CH.CiH2i^, Ull-O 



«5-Z4^^COS-(g^Z5-CH-CiH2i^1 (IH-d) 



«5-24^^SCO^:^Z5-CH-CiH2i^i (IH-e) 



^5-Z4-<§X^OCO^^Z5-CH-CiH2Ui (Ill-f ) 



In the above formulas (lil-a) to (lli-f). Rs. Zi, Zs and 1 are the same as in the general formula (III). 
Particularly preferred compounds among the compounds represented by the above formulas (IH-a) to (Ill-f) 
may include those represented by the formulas (Ill-a) to (lll-c). 

Further, In the above formulas (lll-a) to (Ill-f), preferred examples of Z4 and Z5 may Include those of the 
following combinations (lll-r) to (lll-v): 

(lll-i) Z* is a single bond and Z5 is -OCH2-. 

(IWrii) Z4 is a single bond and Z5 is -COOCH2-. 

(lil-iii) Zi is a single bond and Zs is -0C0-. 

(Ill-iv) Z* is -O- and Zs is -OCH2-, 

(lll-v) Z* is -O- and Z5 is -COOCH2-. 

Representative reaction schemes for producing the mesomorphic compounds represented by the above 
formula (I) are shown below. 
(Case where Yi is -COO- or -CH2O-) 



10 
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Specific examples of the mesomorphic compounds represented by the above-mentioned general 
formula (I) may include those shown by the following structural formulas. 



11 
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1 - 1 



CH 



C 8 H 



8 " 17 



10 



1 - 2 



J5 



/-A )-A N-^ 

C3H7 -(5)-coo-(0/-<Q 



C 10 H 



10 " 21 




30 



1 -4 



3S 



C3 Ht coo Hg)-^^ 



C 6 H 



13 



40 




50 



55 



12 
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H 



11 



-(h)- coo -(0)-<g)- c 



12 



H 



25 



13 
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1-10 



C 9 H 



9 n 19 



10 



1 - II 



»5 



Ce H,3 -{n^COO 



CN 

N- 

(OHO) 

N- 



C to H 21 



20 



1-12 



25 



C a H 



8 " 17 



30 



35 



1-13 



C 12 H 



25 



COO 




C 6 H 13 



40 



1-14 



45 



C3H7 -(h)-coo-(o)-<0)-oc7 H 



15 



50 



55 
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15 



c 3 H 7 -(h)- coo -(0/-(0)- OC 8 H „ 



16 



C3H7 -{U^C00-<Q)-^O}-.0Cr2ii2s 



17 



C 4 H 



coo 




OC 9 H 19 



- 18 



C4H9 -<H)-C00-@h|g|^0C„H23 



- 19 



H 



11 



COO 




OC 6 H ,3 



15 
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20 



C s H 



11 



COO 




OC 12 H 25 



21 



C 6 H 



13 



COO 




OC 12 H 25 



-22 



H„ -(h)- 



COO 




OC 6 H 13 




24 



C 12 H 



12 " 25 




OCio H 21 



16 
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25 



C 3 H 



COO 




COOC 6 H 



13 



26 



C 4 H 



COO 




COOC 12 H 25 




-29 



C 3 H 



CH 




C 12 H 



12 *^ 25 



17 
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CH 



H 



3 " 7 



-@- CH 2 ^-(Q)-<0~ C 8 H it 



CH 



C 4 H s C« 2 0-<O)-(jQ 



C 12 H 



12 ri25 



Ci 

c,h„-<h)-ch.o-(^^^ 



C 6 H 13 



C s H „ -{h>- CH , 0-^)^5 



C 7 H ,5 



18 
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-35 



C « H 



13 



CH 




H 



13 




37 



C 3 H T -(h)- CH 




OC 6 H 



13 



-38 



Ca H 




21 



-39 



C s H 



CH 




OC 7 H 15 



19 
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-40 



Ce H,3 -(h)- CH.: 




OC 9 H 19 



-4 1 



C 4 H 



CH 




COOC 6 H ,3 



-42 



C 4 H 




CH 2 o— (OMO; 

N- 



COOC10H21 



-43 




H„ -(5y-CH2 0-^^-<d)-COOCeHrr 



I -44 



C 3 H 7 -(h)- coo 




CH 3 

I 

CH 2 CHC 2 



H 



20 
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21 
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50 



^ 6 H 



13 



COO 




CH 3 

1 

O-^CHa >3 CHOC3 Ht 



5 1 



C 4 H 



COO 




CH 3 
I 

COO-eCH 2 >-s CHC 2 H 





-54 



CeH,3 -^h)-CH20-<2 




CH 3 
I 

-^CH 2 ^4 CHCH 3 



22 
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55 



H„ -(h)- 



CH 




CH 3 
I 

OCH 2 CHC 



H 



56 



C 3 H 




CH 3 
1 

OCH 2 CHC 2 H 5 
* 



-57 



C 4 H 9 



CH 2 O 




OCH 2 CHC a H „ 
* 



-58 



H 



CH 




coo-ecH 



CH 3 
I 

>3CH0C 




23 
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60 



c 3 H 7 -(h)- oco -(Qr^Q 



C 7 H 15 



-61 



C3H, -@-oco-<^^ 



C 12 H 



12 « 26 



62 



c 3 H 7 -(h)- oco -<0)-<j2 



CH 3 
I 

CH 2 CHC 



63 



C4Hs -<h)-OCO -^"I^CaHn 



-64 



C4H9 -(h)- 



OCO 



Br 

N- 

OHO) 



C 9 H 19 



24 
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-66 



N- 



C s Hn -{h)- OCO Hg>-(p) 



CH 3 
1 

>-3 CHC 
* 




25 
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7 1 



c 3 H 7 -{h)- oco -(0)-(0) 



OCH 2 CHC 
* 



-72 



c 4 H , -{h)- oco -<0)-<0) 



OC 12 H 25 



-73 



C 4 H 



OCO 




OC 11 Has 



-74 



C 5 H 11 -{h)- oco 




OC 9 H 



19 



26 
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75 



CH 



Ci2 H25 -(hV- OCO -fey^OV- 0-<CH 2HCHOC 3 H T 



76 



C 3 H 7 -(h)- OCO -\0/-<0)- COOC ,2 Hzs 




-79 



CH 



OCH 




C„ H 



23 



27 
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80 



CN 



C 3 H 7 -(h)- OCH 2 -<O^Q 



C 10 H 



10 » 21 



8 1 



c 3 H T -{h}- OCH 2 -<o)-<o; 



CH 3 

I 

CH 2 >3 CHOC 
* 



82 



C 4 H 9 -(h)- OCH 2 -<0)-<0 



C 8 H 17 



-83 



C 5 H„ -{h}- OCH 2 -<0)-^Q 



C 12 H 



12 "25 



-84 



C 4 H 9 -(h)- OCH 2 -(0/-<jQ 



OC 8 H t7 



28 
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85 



H „ -(h)- cx:h 2 -^-^9) 



CH 3 

0-eCH 2 >-5 CHC 
* 




-89 



C3 H 7 -{h)- 



COO 




OCOC 8 H „ 



29 
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30 
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99 



C 5 H „ -<h)- coo 




OCOOC 7 H 15 
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100 



CH 



CsHn -{h)- coo 



N- 



C0>-<0)— OCOOCH 2 CHC 



101 



CsH. -{h)-€H a 0-^g)-<( 




OCOOC 10 H 2, 



-102 



CH 



C4H3 -<h)- OCO 



OCOOC ,2 H 25 



-103 



C 5 Hu -(h>-OCH 2-<Q^ 




OCOOC t, H 23 



-104 



C 3 H 7 -{h)- coo 



C 8 H 



8 " n 



32 



45 



so 
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1-105 



C 4 H 9 -(h)- coo -(oho)- C ,0 Hz, 
V_/ W N-/ 



70 



1-106 



JS 



c 4 H 9 -(h)- coo -<0)-<Q 



C„ H 



11 "23 



20 



1-107 



25 



C 5 H n -< hV- coo -\0M0)~ C n H23 



30 



35 



1-108 



c 3 H 7 -{hV- coo -(OMO 



C o H 



9 *^ 19 



40 



1-109 



c 3 H T -(h)- coo -(OMO 



C 12 H 



12 "2S 



55 



33 
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45 



50 



1-110 



C 6 H 



6 " 13 



70 



1-111 



75 



C 10 H 



10 ^ 21 



20 



1-112 



25 



CaH„ -(h)-C00-^)4^C„H 



23 



30 



35 



1-113 



C 3 H 7 



40 



1-114 



C.0H31 -^coo--^)^^ 



C 3 H 



3 " 7 



55 



34 
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1-115 



c 4 H 9 -(h)- coo -<Q)-<0^ 



C JO H 



JO " 21 



1-116 



c 5 H „ -(h)- coo -<Q}-^ 



C 12 H 



12 " 25 



The compounds represented by the formula (II) may be synthesized through processes as disclosed 
by. e.g.. East German Patent 95892 (1973) and Japanese Patent Publication (KOKOKU) 5434/1987. For 
example, the compound represented by the following formula: 
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may be synthesized through the following reaction scheme. 



HCl ^NH 

HO--<<OHq-CN HO-XO/Vcf 'HCl 

^ ^ EtOH/benzene ^ ^ OCjHg 



NH3 ^ ^NH 



H0-4<O>hT-C'' -HCl 



EtOH ^ ^ ^NH 



CHO 



CHjONa ^ ^ N-' w f 

R4OH ^ CH3-<^S03R4 




In the above, R3, R4, p and q are the same as defined above. 

A representative example of synthesis of a compound represented by the formula (It) is described 
below. 

Synthesis Example 1 

(Synthesis of compound Example No. 2-54 shown below) 

A solution of 1.83 g (9.6 mmol) of p-loluenesulfonic acid chloride in 5 ml of pyridine was added 
dropwise to a solution of 1 .06 g (8.0 mmol) of 5-methoxyhexanol in 5 ml of pyridine below 5 ' C on an iced 
water bath. After stirring for 6 hours at room temperature, the reaction mixture was injected into 100 ml of 
cold water and, after being acidified with 6N-hydrochloric acid, was extracted with isopropyl ether. The 
organic layer was washed with water and dried with anhydrous magnesium sulfate, followed by distilling-off 
of the solvent to obtain 5-methoxyhexyl-p-toluenesulfonate. 

Separately, 2.0 g (6.41 mmol) of 5-decyl-2-(p-hydroxyphenyl)pyrimidine and 0.61 g of potassium 
hydroxide were added to 10 ml of dimethylformamide, and the mixture was stirred for 40 min. at 100 'C. 
To the mixture was added the above-prepared 5-methoxyhexyl-p-toluenesulfonate followed by 4 hours of 
stirring under heating at 100 ^C. After the reaction, the reaction mixture was poured into 100 ml of cold 
water and extracted with benzene, followed by washing with water, drying with anhydrous magnesium 
sulfate and distilling-off of the solvent, to obtain a pale yellow oily product. The product was purified by 
column chromatography (silica gel - ethyl acetate/benzene = 1/9) and recrystallized from hexane to obtain 
1 .35 g of 5-decyl-2-[4-{5'-methoxyhexyloxy)phenyl]pyrimidine. 
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Phase transition temperature ( * C) 



3.5 



27.9 



40.3 



Cryst. 



SraC 



SmA 



ISO. 



0.2 



26.7 



37.6 



Cryst.: crystal phase, 
SmC: snnectic C phase, 
SmA: smectic A phase, and 
Iso,: isotropic phase. 

Specific examples of the mesomorphic compounds represented by the above-mentioned general 
formula (II) may include those shown by the following structural formulas. 



(2-1) 




(2-2) 




(2-3) 




(2-4) 
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(2-5) 

C e H ,3 0-C 5 H „ 

(2-6) 

C 5 H »3 H^>H§>- « " « 

(2-7) 

C«H« -H^>-<O)-0-C8H,7 

(2-8) 

(2-9) 

CeHu 0-C to H 2, 
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(2-10) 



23 



(2-11) 



C6H,3 -(O>-(O)-0-Ci2H 



29 



(2-12) 



C7 H,5 -^>H^0-C6 H,3 



(2-13) 



CtH,s -^H§)-o-C8H„ 



(2-14) 



CtH« -(2>-<0)- 0-C 9 H >9 
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(2-15) 



29 



(2-16) 



C 8 H 17 



13 



(2-17) 



C 8 H 17 



15 



(2-18) 



C 8 H n 



(2-19) 
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20) 



C 8 H 



8 n 17 



-^>7<§)-0-C,oH 



21 



21) 



C 8 H „ -(0>-^>- 0-C„ H 



23 



22) 



C 9 H 



9 n 19 



13 



23) 



C 9 H 19 0-C 7 H ,5 



-24) 



C 9 H 19 



_^^^0-C.H„ 
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(2-25) 



C 9 H 19 



19 



(2-26) 



C 9 H 19 



21 



(2-27) 



23 



(2-28) 



C 10 H 21 



-(0|-^H0-C5H„ 



(2-29) 



C 10 H 



10 " 21 



13 



42 
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(2-30) 



C 10 H 21 



-^Mg>- 0-C 7 H 15 



(2-31) 



C 10 H 21 



-^>-^- 0-C 8 H „ 



(2-32) 



C 10 H 21 



0-C 9 H 1, 



(2-33) 



C„ H 



11 "23 



-^>-(^- 0-C 6 H 13 



(2-34) 



C 11 H 23 



15 



43 
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(2-35) 



C„H33 -(^H(0)- 0-C a H „ 



(2-36) 



(2-37) 



(2-38) 



C,.H„-^>-(g)-0-CeH 



13 



(2-39) 
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40) 



C 12 H25 -(^^^ 0-C 9 H 19 



41) 



C«H» H;O>-<g)-0-Ci2H25 



42) 



C 6 H 13 0 



-(^>-{^ 0-C 8 H „ 



-43) 



C 8 H „ -0 



-44) 



C 9 H ,9 -O 



--(§>-@-0-C,oH2, 
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-45) 

C„ H33 -O -^^-^ 0-C e H,3 
-46) 

C8HiT-0-^Mg)-CTH« 
-47) 

C8Ht,-0-^|-(O)-C3H.3 
-48) 

-49) 



46 
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(2-50) 



H« -O 



-^>-^)- C ,0 H 2. 



10 

(2-51) 

75 ^ N ^ — ' 



20 



(2-52) 



CH 



CsHn --(OHg>- CH CH-O-C3H. 



25 



30 



(2-53) 



CH 



95 



40 



(2-54) 



CH 



C ,0 H 3, -<0|-^ O-e CH 3^ CH-O-CH 3 



45 



50 



55 



47 
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(2-55) 

CH 3 

c«H» -<0>-<0)h CK CH CH-O-CH 3 



(2-56) 

O 

(2-57) 

CeH,3 -(OHS)-OC-C,oH2, 
^ — N — ' II 
0 



(2-58) 

O 



(2-59) 



C 7 H ,s _/0>-{0y- OC-C ,0 H 
^ II 



21 



48 
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(2-60) 



C a H 



8 " 17 



OC-C 4 H 9 
II 

o 



(2-61) 



C a H 



8 n 17 



•N ^ II 



OC-C 6 H 13 
II 
O 



(2-62) 



C « H 



8 " 17 



OC-C 7 H 15 

II 

O 



(2-63) 



C 8 H 17 



OC-C 8 H 17 

II 

O 



(2-64) 



C 8 H n 



OC— C 9 H 19 

II 

O 
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(2-65) 



C 8 H 



8 " 17 



OC-~C 10 H 21 

II 

o 



(2-65) 



CsHn H;o|-<O)-0C-C,2H35 



(2-66) 



(2-67) 



C 9 H 19 



OC-C 7 H ,5 

II 

o 



(2-68) 



C 9 H 



19 



OC-C 8 H n 
II 
O 



50 
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(2-69) 



C « H 



9 n 19 



OC— C 9 H 19 

ii 

0 



(2-70) 



C o H 



9 " 19 



OC — C 12 H 25 

II 

o 



(2-71) 



C 10 H 21 



N - II 



OC-C 3 H 7 
II 

o 



(2-72) 



C 10 H 21 



OC-C 4 H 9 
II 

o 



(2-73) 



C to H 



10 " 21 



OC-C 5 H „ 

II 
O 
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(2-74) 



C ,0 H« -<0>-(0)- OC-C 6 H „ 

O 



(2-75) 



C 10 H 21 



OC-C 7 H ,5 
II 

o 



(2-76) 



C 10 H 



10 " 21 



OC-C 8 En 

II 
O 



(2-77) 



C 10 H 21 



OC-C 9 H ,9 
II 

o 



(2-78) 



C 10 H 21 



OC— C 10 H 21 

II 

o 
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(2-79) 



C 10 H 21 



OC— C 11 H 23 

II 

0 



(2-80) 



C 10 H 21 



OC — C u H 29 

II 

o 



(2-81) 



CiiH^H^I^- 



OC-C 6 H 13 
II 

o 



(2-82) 



Ci,H 



23 



OC-C 7 H ,s 

II 
O 



(2-83) 



C 1, H23 -^>-^- OC-C 8 H „ 

O 
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(2-84) 



C„H33-§Hg^OC-CsH. 

0 



(2-85) 



CnH 



23 



OC— C 10 H 21 

II 

o 



(2-86) 



C 12 H 



12 



OC-C 6 H 13 

-II 

O 



(2-87) 



C 12 H 25 



OC-C 8 H 17 

II 

O 



(2-88) 



C ,2 H 25 _/0>-(0)- OC-C 10 H 
\-N ^ II 



21 



54 
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(2-89) 



C'*H29-<0>-<g)^OC-C6H,3 

O 



10 



15 



(2-90) 



C 9 H ,9 -0 



OC-C 7 H 15 
II 

o 



20 



25 



(2-91) 



C JO H 21 — 0 



OC-C 6 H ,3 
II 

o 



30 



(2-92) 



C 12 H25 



35 



CH 3 

OC-CH-OC5H11 

II ^ ^ 

O 



40 



45 



(2-93) 



CH 



C 10 H 21 



50 



65 



55 
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(2-94) 



CH 



C 10 H 21 



-^>-^- 0-CHCH 2 -0-C 3 



(2-95) 



C 5 H n 




(2-96) 



C 7 H 15 



13 



(2-97) 



C 8 H n 



(2-98) 



C 10 H 21 



(6m;oho)-c,h„ 



56 
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-99) 



C 10 H 21 



- 100) 



C 12 H 



12 n 2S 



19 



-10 1) 



C 11 H23 



13 



102) 



C 9 H 19 O 



- 103) 



C 6 H 13 O 



COC 10 H 21 

II 
0 



57 
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104) 



C 6 H 13 



C 5 H ti 



105) 



C 10 H 21 



-106) 



C 7 H 15 



107) 



C 9 H 19 



13 



- 108) 



C 10 H 21 



^oHo>-(o>-csH„ 



58 
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109) 



C 12 H 



12 n 25 



15 



1 10) 



C 6 H ^3 -^@H§>H§)- OC T H .5 



111) 



C lo H 



12 ^ 25 



112) 



C „ H 33 -^§)-(0|-^ OC e H .3 



-113) 



C 9 H 19 -OC 

• II 
O 



19 



59 
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114) 



C 11 H 23 

0 



C 5 H 11 



115) 



C 12 H 25 CO 



CO-C 6 H 13 
II 

o 



1 16) 



C n H 23 

O 



CO-C 8 H 17 
II 

o 



117) 



C 7 H 15 



-118) 



C,oH2,-0-(g)-(0>-C8H„ 



60 
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(2-119) 

O 



yo (2-120) 

^8«17Y^}<§^''9^15 
0 

75 

The compounds represented by the formula (III) may be synthesized through processes as disclosed 
by. e.g.. Japanese Laid-Open Patent Applications (KOKAl) 22042/1988 and 122651/1988. Representative 
examples of synthesis of the compounds are shown hereinbelow. 

20 

Synthesis Example 2 

(Synthesis of Compound Example 3-28 shown below) 

25 1.00 g (4.16 mM) of p-2-f!uorooctyloxyphenol was dissolved in a mixture of 10 ml of pyridine and 5 ml 
of toluene, and a solution of 1.30 g (6.00 mM) of trans-4-n-pentylcyclohexanecarbonyl chloride was added 
dropwise thereto in 20 - 40 min. at below 5 'C. After the addition, the mixture was stirred overnight at room 
temperature to obtain a white precipitate. 

After the reaction, the reaction product was extracted with benzene, and the resultant benzene layer 
30 was washed with distilled water, followed by drying with magnesium sulfate and distilling-off of the benzene, 
purification by silica gel column chromatography and recrystallization from ethanol/methanol to obtain 1 .20 
g (2.85 mM) of trans-4-n-pentylcyclohexanecarboxylic acid-p-2-fluorooctyloxyphenyl-ester. 
(Yield: 68.6 %) 

NMR data (ppm) 
35 0.83 - 2.83 ppm (34H, m) 
4.00 - 4.50 ppm (2H. q) 
7.1 1 ppm (4H. s) 
IR data (cm'O 

3456, 2928, 2852, 1742, 1508. 1470, 1248. 1200. 1166. 1132, 854. 
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JO 



15 



35 



40 



Phase transition temperature ( • C) 

49,0 69.5 




79,8 81.9 

Ch. ISO, 

78.7 81.0 



S3 - Sc : phases of higher order than SnriC*, 
SmC*: chiral smectic C phase, and 
20 Ch.: cholesteric phase. 

Synthesis Example 3 

(Synthesis of Compound Example 3-85) 

In a vessel sufficiently replaced with nitrogen, 0.40 g (3.0 mmol) of (-)-2-fluoroheptanol and 1.00 g (13 
mmol) of dry pyridine were placed and dried for 30 min. under cooling on an ice bath. Into the solution. 
0.69 g (3.6 mmol) of p-toluenesulfonyl chloride was added, and the mixture was stirred for 5 hours. After the 
reaction, 10 ml of 1N-HCI was added, and the resultant mixture was subjected to two times of extraction 
30 with 10 ml of methylene chloride. The extract liquid was washed once with 10 ml of distilled water and dried 
with an appropriate amount of anhydrous sodium sulfate, followed by distilling-off of the solvent to obtain 
0.59 g (2.0 mmol) of ( + )-2-fluoroheptyl p-toluenesulfonate. 

The yield was 66 %. and the product showed the following optical rotation and IR data. 

Optica! rotation: 



tO'lJ^'^ +2.59 degrees (c = 1, CHCI3) 
[0<]23.6 +9.58 degrees (c =: 1, CHCI3) 



IR (cm-^): 

2900, 2850, 1600, 1450, 1350. 1170. 1090 980, iSlO, 660, 550 

0.43 g (1.5 mmol) of the thus obtained ( + )-2-fluoroheptyl p-toluenesulfonate and 0.28 g (1.0 mmol) of 
46 5-octyl-2-(4-hydroxyphenyl)pyrimidine were mixed with 0.2 ml of 1-butanol. followed by sufficient stirring. 
To the solution was quickly added a previously obtained alkaline solution of 0.048 g (1 .2 mmol) of sodium 
hydroxide in 1.0 ml of 1-butanol. followed by 5.5 hours of heat-refluxing. After the reaction, 10 ml of distilled 
water was added, and the mixture was extracted respectively once with 10 ml of benzene and 5 ml of 
benzene, followed by drying with an appropriate amount of anhydrous sodium sulfate, distilling-off of the 
50 solvent and purification by silica gel column chromatography (chloroform) to obtain 0,17 g (0.43 mmol) of 
objective ( + )-5-octyl-2-[4-(2-fiuoroheptyloxy)phenyl]pyrimidine. 

The yield was 43 %. and the product showed the following optical rotation and IR data. 

Optical rotation: 



55 
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[<y]25.6 +0.44 degree (c = 1 , CHCl,) 
D 

Eo']^^;'* +4.19 degrees (c = 1 , CHCl^) 

IR (cm-') 

2900, 2850. 1600, 1580, 1420, 1250 1160. 800, 720, 650, 550. 

Specific examples of the mesomorphic compounds represented by the above-mentioned general 
formula (III) may include those shown by the following structural formulas. 

(3-1) 

F 

C 2 H 5 H^)- OCH 2-Hg)-H(0)- OCH 2 "^H-C 4 H 9 
(3-2) 

F 

C6H,3 -^(gK OCH . -HgH(0)- OCH 2 -CH-C ^ H 3 
(3-3) 

F 

C 8 H „ 0 COQ-^Q)- OCH 2 CH-C 2 H 5 

( 3 - 4 ) 

F 

c 8 H „ o -^)- coo-^@- OCH 2 in-c 4 h ^ 
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(3-5) 



C ,0 H 21 O —(d)- COO—^y- OCH 



(3-6) 



C 6 H ,3 O COO-^- OCH 



(3-7) 



C 8 H „ O COO-^)- OCH 



(3-8) 



C ,0 H 2, O — COO-^- OCH 



(3-9) 



C 6 H ,3 -O COO— OCH 
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(3-10) 

F 

c 7 H ,5 -0 — coo---^- ocH 2 in-c e H ,3 



(3-11) 

F 

C 8 H „ -O -{Q)— coo— OCH 2 Ah-C 6 H „ 



(3-12) 

F 

c ,0 H2, -o COO OCH 2 in-c e H 13 

(3-13) 

F 

C i2 H25 O COO-^- OCH 2 Ah-C 6 H ,3 



(3-14) 



r 

C 6 H ,3 -O COO OCH 2 Ah-C 8 H 17 
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(3-15) 



r 

c 7 H ,5 -o — COO— OCH 2 in-c e H „ 



(3-16) 



c 8 H 17 -0 --(oy- COO— OCH 2 in-c a H ,7 



(3-17) 



C ,0 Hz, -O — COO— ^— OCH 2 CH-C a H „ 



(3-18) 



r 

C ,2 Has -O — COO— OCH 2 ^H-C a H „ 



(3-19) 



C 6 H 13 -O — coo— OCH 2 CH-C 12 H 



26 
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(3-20) 



r 

c 10 H 21 -o — @-^)-cQD ocH 2 in-c 8 

(3-21) 

F 

C 8 H rr -O COO-^-^-O-CH 2 CH-C 



(3-22) 
CH 3 



H 5 -CH-<CH 2^5 O-^- COO-^-r .O-CH 2 CH- 



(3-23) 

F 

H9 



r 

c 3 H 7 —(h)— coo— 0-CH 2 in-c 4 



(3-24) 

• F 

c 5 H 1, -(h)- coo-^^- 0-ch 2 in-c 4 h 9 
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25) 



Hu -(h)- COO-^)- 



0-CH 2 CH-C s H „ 
* 



26) 



H 7 -(h)- COO-^)- 0-CH 2 CH-C 6 H 



13 



27) 



4H9 -(h^C00-^)-0-CH2CH-C6 H 



13 
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30) 



H ^ -(h)- COOH^)- 



OCH 2 CH-C 8 H 17 
* 



31) 



H „ -(h)- coo— (o)- OCH 2 CH-C 8 H „ 



32) 



7 H ,5 -^>-@- C00-@)- 0-CH 2 CH 



-C 
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(3-34) 

F 



r 

c 8 H „ -@)-(h)- coo-^)- 0-ch 2 in-c s h 



(3-35) 



C ,0 H3: -0 -^^^cOOH@H 0-CH . CH-C e H 



13 



(3-36) 

F 



c to H 2, -o -(o)- COS 0-CH 2 in-c « h 



(3-37) 

F 

^ 13 



c 12 H 25 -o COS -^y- 0-CH 2 in-c 6 H 



(3-38) 

F 

C a H „ -O H@)- COS 0-CH 2 CH-C a H„ 
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(3-39) 

F 

C ,0 H21 -O — COS — 0-CH 2 Ah-C 8 H ,7 
(3-40) 

F 

C e H ,3 -(h)-- CH 2 0-^~^y-0-CH 2 ^H-C 7 H « 



(3-41) 

F 

C 3 H 7 COO-^^-^^— 0-CH 2 CH-C « H 



13 

* 



(3-42) 

F 

C ,0 H21 -0 — CH 2 O -^-^-0-CH 2 CH-C « H „ 



(3-43) 

F 

" 13 



r 

c 8 H ,7 -o CH 2 o— ocH 2 in-c 6 H 
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(3-44) 



r 

C 9 H ,9 -O -^)- COO-^- COO-CH 2 ^U-C « H 



13 



(3-45) 



C ,0 H 2, -O COO-^- COO-CH 2 CH-C e H » 



(3-46) 



C ,2 H 25 -O COO -^)- COO-CH 2 CH-C « H ,3 



(3-47) 



C ,3 H27 -O COO-^- COO-CH 2 ^H-C e H « 



(3-48) 



C 8 H „ -O -^)- COO -^)- 



.. F 

COO-CH 2 CH-C 8 H ,7 
* 
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(3-49) 

F 

C a H „ -O — ^^CH=CH-GOOhQ)-COO-CH 2 CH 
(3-50) 

F 

C 8 H „ O -^)-@HCOO-@)- COO-CH 2 CH 
(3-52) 

F 

c 8 H „ o -{d)- coo--@>-@^coo-CH 2 in- 

(3-53) 

F 

c ,0 H 2, -o -^)-@)-cooH^ COO-CH 2 a 

(3-54) 

.. F 

C 5 H „ -{h}- C0O-(o)--^)-C00-CH 2 CH 



73 
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(3-55) 



CmH,, -O — (O 




^-C06>— ^-CCX)-CH 2 CH-C « H ,3 



(3-56) 



C 5 H „ ^(h)- C00-(o)- COO-CH 2 CH-C « H ,3 



(3-57) 



C 8 H ,7 -O -^)- OCO— 0-CH 2 CH-C s H 



13 



(3-58) 



C 6 H 



13 



-O —(Q)- OCO— 0-CH 2 CH-C 8 H „ 



(3-59) 



1? 

c 8 H „ -o -(oy- SCO 0-CH 2 in-c s h „ 
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(3-60) 



F 

C 8 H 17 — SCO -^-=0-CH 2 in-C a H 17 



(3-61) 



F 

C 8 H x7 -O — ^)-- SCO 0-CH 2 in-C a H „ 



(3-62) 



C 12 Has -OCO OCO-^- 0-CH 2 CH-C e H 



13 



(3-63) 



r 

c 6 H ,3 -oco-^-(o)-oco-^)- 0-CH 2 in-c 6 H ,3 



(3-64) 



r 

C ,0 Hz, -OCO -^-(O)- OCO-^- OCH 2 ^H-C 6 H ,3 
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10 



15 



20 



25 



40 



45 



SO 



55 



(3-65) 

F 

C 8 H 17 -0 -{O)- OCO— ^)-(o)-0-CH 2 CH-C s H yr 
(3-66) 

F 

c 8 H ,7 -{h)-(h}- oco -(o)- 

0— CH 2 CH— C 4 H 9 



(3-67) 

F 

c 8 H „ — ^5^-^5^-000— o-cH 2 in-c « h „ 



30 (3-68) 



Jf 

c 9 H ,9 -(o>-^)— OCO— O-CH 2 in-c « h 13 

^ — M — ^ 



35 



(3 - 69 ) 



C ,0 Hz, -^>-^)-0C0-^)- O-CH 2 CH-C e H 



F 

L 

''^ 13 
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(3-70) 



C 8 H „ -^H@>-OCO-(0)- 0-CH ^ CH-C 



(3-71) 



CioHz, -OCO -<0, 



O)- 0C0-(^)- 0-CH 2 CH- 



(3-72) 



C 8 H „ O H§H§)- COO-CH 2 CH-C e H 



13 



(3-73) 

F 

C ,0 H 2, -O -^)-^)- COO-CH 2 CH-C e H ,3 



(3-74) 



C « H 25 O -<OHO)- COO-CH 2 CH-C « H « 
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10 



IS 



20 



25 



30 



(3-75) 



C 7 H 15 -(OH(o)— COO-CH 2 CH-C 8 H „ 
(3-76) 

F 

C 7 H IS -(^)-^>-©— COO-CH 2 CH-C a H „ 
(3-77) 

F 

C 8 H „ -COO -(o)-<^)- 0-CH 2 CH-C e H „ 



(3-78) 

CH 3 F 

C 3 H 7 -CH-COO 0-CH 2 CH-C « H ,3 

(3-79) 

CH3 F 
C 3 H 7 -CH-COO 0-CH 2 CH-C a H 17 



50 



55 



78 
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(3-80) 



C 8 H j7 



I 

O-CH 2 CH-C 
* 



(3-81 ) 



C 10 H 21 



-(p>-(d)-0-CH 2 CH-C 



(3-82) 



C 12 H 25 



-(0>-(0>-0-CH 2 CH-C 



(3-83) 



C 10 H 21 



-/o>hS)-o-ch 2 CH-C 



(3-84) 



C 12 H 25 



F 



-/0>-YO^O-CH 2 CH-C 
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(3-85) 



C 8 H „ O-CH 2 CH-C 5 H „ 



(3-86) 



C 10 H 



10 n 21 



-(O)-(O)-0-CH 2 CH-C 5 H „ 



(3-87) 



-N 



C 12 H 



12 " 25 



OHO)-0-CH 2 CH-C 5 H„ 



(3-88) 



/-N I 
C 8 H „ -<0>-(0)-0-CH 2 CH-C 6 H 



13 



(3-89) 



C 9 H 



19 



-<JO>-\O)-0-CH 2 CH-C 6 H 



13 



80 
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(3-90) 



c ,0 H 2, -(ohSV- 0-ch 2 in-c « h „ 



(3-91) 



C„H23 -(0>-(0)-0-CH2CH-C6H 



13 



(3-92) 



c ,2 H25 -/oh(oV-o-ch 2 In-c 6 H 



13 



(3-93) 



C 9 H 19 



— 0-CH 2 CH-C 8 H 17 



(3-94) 



C to H 21 



-(OMOV O-CH 2 CH-C 8 H 17 
\ — N ^ — ' * 
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(3-95) 



C 12 H 25 



-/0y-(dy- O-CH 2 CH-C 8 H IT 



TO 



75 



(3-96) 



C 10 H 21 



-/O)-(O>-0-CH 2 CH-C ,2 H 25 



20 



(3-97) 



25 



C 10 H 



10 " 21 



0-CH 2 -0-CH 2 CH-C 8 H n 



30 

(3-98) 



35 



40 



C ,0 H21 -{0>-@-0-CH 2 CH 2 -0-CH 2 CH-C « H 



13 



(3-99) 



C .0 H 2. -(^H^)-CHCH 2^3 0-CH 2 CH-C e H ,3 

45 



50 



55 



82 



1 
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TO 



75 



35 



40 



45 



50 



55 



(3-100) 

F 

C 8 H n -^)h(o)— OKCH 2^ 0--CH ^ CH-C e H 



(3-101) 



CtoH2i H;0H@)-0-(CH2> O-CH2CH--C6H 



13 



20 (3-102) 

F 

C ,0 H 2, -O -hS)-(5)-0C0-CH-C 6 H ,3 

25 * 

30 (3- 103) 

F 

C 6 H „ -OCO H^)-^y-OCO-CH-C 6 H 



(3-104) 

F 

C .0 H 2. -OCO h;o)-^)-OCO-CH-C 6 H 
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105) 



n H 23 O — {0>-(0y- O-CH 2 CH-C e H 



-106) 



/-N /-\ I 
C 9 H 19 -/OMOV-OCO-CH-C 2 H 



107) 

-N 



C 10 H 21 h5>-^)-0C0-CH-C 2 H 5 



-108) 



C 8 H ,7 -^)-^)-OCO-CH-C 6 H 



13 



-109) 

-N 



C ,0 H 2, -/O)-(oy-0C0-CH-C 6 H 



13 
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(3-110) 



C 12 H 25 



I 

OGO-CH-C 6 H ,3 
* 



10 



(3-111) 



75 



C,oH2, -YO>-(0)-OCO-CH-C 8 H „ 



(3-112) 



CH _ ^ 1 

C 2 H 5 -CIHCH 2>-^>-@-0-GH 2 CH-C 6 H « 



25 



(3-113) 



F 

C 6 H ,3 -0-CH , CH 2 HSnfoV-O-CH ^ CH-C s H „ 

35 N * 



The liquid crystal composition according to the present invention may be obtained by mixing at least 
one species of the compound represented by the formula (i) and at least one species of another 
40 mesomorphic compound in appropriate proportions. The liquid crystal composition according to the present 
invention may preferably be formulated as a ferroelectric liquid crystal composition, particularly a ferroelec- 
tric chlral smectic liquid crystal composition. 

Specific examples of another mesomorphic compound as described above other than the compounds 
represented by the formulas (II) and (III) may include those denoted by the following structural formulas. 

45 



so 



55 



85 
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(1) 



CH 3 

Ci2 H25-^<^0CH 2 CHC 2 H 5 



10 



25 



(2) CH 



C 10 H 2, O-®- CO -@- COCHC 2 H 5 
II II * 

O 0 

J5 

( 3 ) 

I 

20 C a H 17 0-@- CO COCH 2 CHC 2 H s 

II II 

0 O 

CH 3 

N ' 
C n H23 0-@^^ OCH 2 CHC 2 H 5 

* 

30 



(4) 



(5) 



CH 



35 



40 



C 8 H „ 0-@- OC 0-6CH 2 >-3 CHC 2 H 5 
II * 
O 



45 



so 



95 



86 
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(6) 



CH 

I 



C 9 H 19 0C0-®-(^ OCH 2 CHC 2 H 5 
II * 
0 



(7) 



CH 



C 8 H „-<O>-@-C0 OCH 2 CHC 2 H 5 

11 * 
0 



(8) 



CH 



C 8 H ,7 O-®- OC -®-^CH 2 CHC 2 H 
11 * 
O 



(9) 



CH 3 

I 

C a H ,7 0H@- CS -@- CH 2 CHC 2 H 5 
II * . . 

0 



(10) 



CH 



C,3 H27-<S-<§>-CS -®-CH 2 CHC 2 H 5 
II * 
O 



(11) 



CH 3 
I 



C .6 H33 0-@- CS -@- OCH 2 CHC 3 H 7 
II * 

o 
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(12) CH 3 

I 

C 7 H 15 0-<5V®-C0 -<8)- COCH 2 CHC 2 F 
0 o 



(13) CH 3 

CjoHz, 0-(5>^0-eCH 2 >-5 CHC 2 H s 



(14) p CH 3 

/ i 

C 6 Hi3 0-@Hg)-C0-@-0CH 2 CHC 2 H 

II He 
0 

(15) CH3 

C 8 H „ 0-@>-(py-CO -@- OCR 2 CHC 2 H 

o 

(16) CH 3 

C 12 H 2s -<2>%- CO -®- COCH 2 CHC 2 H 
^11 II * 

0 o 



(17) 

C 12 H 25 0-@-(§y CO(CH 2 ^ 3 CHC 2 H 5 
" II * 

o 
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(18) 



CH 



C 8 H 17 0-<Q)- CO-^OCH 2 CHC 2 H 
II * 
O 



(19) 



CH 



C ,0 Hz, 0-@- CO-@-OCH 2 CHC 2 H 5 
II * 





(22) 



CH 



Ct HjsO-^ 0C-^0-€CH 2 >3 CHC 



(2 3) CH3 

C 8 H ,7 -^S>^^ 0-6 CH 2 )-5 CHC 2 H 5 



89 
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(24) CH3 
C„ H23 0-^^>-@-0-€CH 2 ^2 CHC 2 H 5 



(25) CHa 

C12H25 -<pUp>- OC-@-0-€CH 2 >3 CHC 2 

II * 

O 

(26) CH3 

C 8 H ,7 -^OCH 2 CH 2 CHC 2 H 



(27) CH3 

I 

C 8 H „ -<P>- OC-®-@-OCHC 6 H ,3 

^— ' II He 

o 



(28) CH3 

1 

C 6 H ,3 -(h)- 0C-^>H@-CH 2 CHC 2 H 5 
II * 

o 

(29) CH3 

I 

C 6 H ,3 -®- OC-^>-^CH 2 CHC 2 H 5 



90 
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(30) CH3 

C 8 H 17 0-<o)-CO-®-0CH 2 -@- OCHC e H ,3 
II * 




(32) CH3 

I 

C 6 H 13 0-<0>- OC-@-@-OCOCH 2 CHC 2 H 5 
O O 



(33) CH3 - 

^ ^ ^1 
C 8 H „ OCO-@-^OC-@-OCHC 3 H 7 
II II ^ * 



(34) CH3 

I 

C ,0 H2, 0-@-@-CH 2 0-^0-4 CH 2 ^3 CHC 2 H 



(35) .. CH 3 

I 

C7 H,5 0-®-0CH 2 -(g>-<0>-CO-^CH 2 >-2 CHC 2 

II * 

o 
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92 
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(42) CF3 CH3 

C 7 H ,5 CH 2 OCH 2 CHC 2 H 



(43) CH3 

C10H2, 2 CHC 2 H s 

II * 
0 



(44) CH3 
C 8 H „ -@- CO-^V^OCH 2 CHC 2 H 5 

II ^ 

O 



(45) . CH 3 

C t, H 23 0-(Ey CO -^^-^OCH 2 CHC 2 H 5 

II * 
0 



(46) 

CH 3 

C « H29 2 CHC 3 H 7 



(47) 

^ /-<o)-COCH 2 CHC 2 H 5 
C,oH2,0-@-CO-@^ II * 

II O 

o 
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(48) CH 3 

^ I 
CtoHji O-^COHSVo-^CH 2 ^3 CHC 2 H 5 
II * 

o 



(49) CH 3 

I 

C 8 H „ H@>- CO-@-@-OCH 2 CHC 2 H 5 
II * 



(50) CH3 

C10H2, 0-^CO-^OCH 2 CHOC 2 H s 
II * 

o 



(51) CH3 

C 8 H „ -6i>-<^ OC-^>-^OCH 2 CHOC 5 H „ 

II * 
O 



(52) CH3 

C 8 H „ -®-®-C0-^ 0-^CH 2 >3 CHOC 5 H 
II * 
0 



(53) CH3 
C ,8 H 33 -®-^>-C0-<§>- OCH 2 CHOC ,2 H 2s 



94 
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(54) CH3 

C ,0 H 21 OC-@-@-OC-^ OCH 2 CHOC s H „ 
li II * 

o o 



(55) CH3 
C 10 Hzi 0-^)-OCH 2 OCH 2 CHOC 3 H 7 



(56) CH3 

I 

C 8 H ,7 0-^)-@-CH 2 O -^0-e CH 2 >3 CHOC 



(57) CH3 
C,oH2i -^>-^OCH 2 0-eCH 2 >5 CHOC 



(58) CH3 

C 8 H ,7 -^-®- O-eCH 2 ^3 CHOC 5 H „ 



(59) 



CH 



C ,0 H 2, -^|-®- OCCHOC 8 H ,7 

O 



95 



EP 0 401 522 B1 



(60) CH3 

I 

C ,0 H 2, 0-<o)- CO-^^-^COCH 2 CHOC 5 H „ 
^ II II * 

0 0 



(61) CH 3 

i 

Cs H„ -(0>-<H>-C0-@-C0-€CH2 >2 CHOC 8 H 
^ ^ II II * 

0 o 

(62) CH.3 

I 

C 10 H21 0-(o)- CH 2 CH 2 -®- OCH 2 CHOC 2 H s 

— 3|e 



(63) CH3 

I 

C to H 21 OC-(pUd>- OC-{dy- OCH 2 CHOC s H „ 
O 0 



(64) CH3 

C ,0 Hzt OC-^ OC-®-^OCH 2 CHOC 5 H „ 
II II * 

O o 



(65) CH3 

C 8 H 17 0-(o>-SC-^>-^OCH 2 CHOC 5 H „ 
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(66) CH3 

C ,0 H 2, 0-@-@-C0-@- COCH 2 CHOC ^ H 
O 0 



(67) CH3 

I 

Co Hz, (>-^)-@-OC-eCH 2 >2 CHOC 5 H„ 

II * 

o 



(68) CH3 

C 6 H t3 0-®-CH 2 0-^-@-0CH 2 CHOC s H „ 

* 



(69) CH3 

I 

C 8 H ,7 0-@— CS— @— OCH 2 CHOC 4 H 9 
II * 
O 



(70) CH3 
Ct H,5-^>-@-CH2 0-®-0-6CH 2 ^2 CHOC 



(71) CH 3 

I 

C ,0 Hj, 0-^>-6CH 2 ^2 CS -^>- OCH 2 CHOC j 

II * 

o 
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(72) CH 3 

C 8 H 17 0-<O>-0C-^0CH 2 CHOC 5 H „ 

II * 
0 



(73) CH3 
C 10 H 2, OCH 2 CHOC 3 H 7 



(74) CH3 

I 

C 8 H XT O-(o>-C0-^ CH 2 CH 2 COCHOC 2 H 

II II * 

O O 



(75) 



CH 



C 10 H2, -0>-©- 0-^CH 2 >5 CHOC 5 H „ 



(76) CH3 

I 

Ci2H25O-^C0-®-0-6CH 2 5-3 CHOC5 H 
II * 
O 



'''' 

I 

C ,0 H 2, 0-^>-6 CH 2 >2 CO-^ OCH 2 CHOC 
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(78) CH 3 

I 

C 6 H ,3 OCCHOC 8 H „ 

II II* 
0 0 



(79) CH 3 

N • 
CiaHas -<6)-^0-€CH 2 >3 CHOC 3 H t 



(80) CH 3 

I 

C 10 H 2, 0-@- CH=CHCO-@- OCR 2 CHOC 2 H 

II * 

O 



(81) CH3 

I 

C ,2 H 25 0-^CS-@- OCH 2 CHOC e H „ 
II * 
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(84) CHa 

Co Hz, 0-(0>-<0>-C0-^CO-^CH 2 >z CHOC 5 H, 
0 O 



(85) CH 3 

C,2H25 0-(@^CO-(o)-CO-eCH 2 ^sCHOCs Hu 



(86) CH3 

C,2H25 0-<p)-C0-^>-0-€CH 2 >-5 CHOC s Hn 

II * 
O 



(87) CH3 

1 

C 6 H ,3 0C-<0>-^ 0C-@- OCH 2 CHOC s H ,7 
II II * 

o o 



(88) 



CH 



C 8 H 17 0-@-(g>-CH 2 0-®- OCHCH 2 OC 2 H 5 

* 



CH3 

C ,0 H2, -<O>-<O>-0-eCH 2 >-3 CHOC 3 H 7 



100 



EP 0 401 522 B1 



(90) CH3 

C 6 H ,3 0-^y@- CH 2 O -^OCHCOC e H ,3 

* II 
0 



(91) CH 3 

C ,0 H 2, 0-<oV<0>- C-0-@- OCHCOC 5 H „ 
^^11 * II 

O 0 



(92) CH 3 

C 7 H ,5 CH 2 0-^OCHCOC 3 H ^ 



(93) CH 3 

C 6 H 13 0-^>-@-OCH 2 -®- OCHCOC e H , 

O 



(94) CH3 

^ I 

C ,0 H 21 0-@-@-CH 2 0-@- OCHCOC e H ,3 

* II 
O 



<95> CH3 

C 8 H n O-^ 0C-^>-®-OCHCOC a H „ 
II * II 

O O 
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(96) p CH3 

C 6 H ,3 0-^CO-<o)-^OCH 2 CHCOC 4 H 



9 

II ~ ~ * 
0 0 



(97) CH3 
C 8 H „ 0-@-@-OCH 2 -(Q)- OCHCOC « H „ 



* 

O 



(98) ci 

C 8 H ,7 0-@-@-OC-CHC 3 H 7 

II * 
O 



(99) 

C 8 H „ C(>-@-®-COCH 2 CHCH-e CH 3 ) 2 
II II * 

o o 



(100) 

I 

C ,0 H21 0-@-@-C0-^- 0-CH 2 CHC 2 H 5 
II * 

o 



CH3 

C,2H25 0-^0C-@-0CH 2 CHCH-fCH 3) 

o 
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(102) C i 

I 

C 5 H„C-^CO-@-@-0-eCH 2 5-2 CHCa H 5 

II II * 
0 0 

(103) C Z 

C 7 H ,5 HgH^-^CO-©- OCH 2 CHCH 3 

II * 
O 




(106) c Z 

^ I 
C ,0 H2, SC-@- OCH 2 CHC 3 H 7 



(107) 01 

C 6 H ,3 OC -@-<§)- OC^^ OCH 2 CHCH-^CH 3 ) 
II II * 

o o 



103 
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(108) Ci 

C ,0 H 2, CH§)-@-CH 2 0-(q}- CH 2 OCCHC 3 H 7 

II* 

o 





(112) 

I 

C 8 H „ -(h)-(h>- OCH 2 -<0)- 2 3-2 CHC 2 H 



(113) 



Ci 



C 6 H ,3 C0-<O>- CH 2 0-<o)-@^OCCH 2 CHC 2 H 5 
II " * 

o o 



104 
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(114) Ci 

C 8 H„ -<^)-®-0-€CH 2 ^2 CHC 2 H 5 

(115) Br 

C 8 H „ 0-^)-^OC-CHC 3 H 7 

II * 
O 

(116) Br 

I 

C ,0 H21 0@H§)- C0-@- OCH 2 CHC 2 H 5 

II >K 



0 



(117) 



CF 



C 8 H 17 0-(oHo>-CO-@^ COCHCH 2 COOC 2 H . 
O O 



^IIS) CF3 

C to Hzi O -^)- CO -@- COCHCH 2 COOC 2 H 
II II * 

0 o 



(119) CPs 

C 6 H ,3 0C-<O>-^C)C-@- COCHCH 2 COOC 2 I 
II ^ ^ II ^ II * 
O 0 0 



105 
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(120) 

I 

C a H 17 0-^)-@-COCHC e H ,3 

II * 

0 



(121) CF 3 

I 

C 8 H ,7 O-®Hg)-C0CH 2 CH 2 CHC 4 H 9 



(122) CP 3 

I 

C 10 H 2, O -®-C0 -<0>- 0-e CH 2 >- 2 CHC 4 H 9 



(123) CF 3 

I 

Ca H„OHSV^C0-®-0-eCH2 >2 CHC 4 

II * 
O 

(124) CF 3 

C 5 H„ O-^ CO-(o;H^COCHC 6 Hi3 

o o 



(125) CF3 

M I 

C.oH2.-^>^OCCH3CHC4H 



106 
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(126) CN 

I 

C 8 H n 0-^>-^COCHC a H „ 
II * 
O 

(127) CN 

1 

CsH„ -<H)Hg>-^C0CHC8Hi7 



(128) CN 

C 6 H ,3 0-^CO-@-@-COCHC 8 H „ 

II li * 

o o 



(129) CN 

C T H ,5 -^>-®- COCHC 8 H „ 
O 



(130) CN 

N ' 

C 10 H21 -^>-@- 2 ^2 CHC 



(131) 

C 8 H „ ,0 H 21 

II 
0 



107 
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(132) 



(133) 



(134) 



(135) 



Ce H,3 0-©-C0-<O>-0C7 H 
O 

C 9 Hi9 0-@-C0-^0C 6 H,3 
0 

C,2H2sO-@-CO-^OC5 Hu 
O 



C 7 H,5 0-^CO-®-C,oHz, 
O 



(136) 



(137) 



C u H29 0-^CO-<O>-C 4 H 9 
O 

C T H ,5 -@-C0 -^OC ,0 H2, 
O 
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(138) 



10 



15 



20 



25 



30 



35 



40 



45 



(139) 



(140) 



(141) 



(142) 



(143) 



CgH.a -^CO-©-OCsH„ 
0 

C ,2 H 25 CO-^OC 6 H ,3 

0 

CeHw Hg>^(:0-@^0C9 H» 
0 

CioHji ^gH®-CO -®-0C 5 H „ 

o 

C 8 H„0-^>-@-CO-(^OC 6 H,3 
O 

C 7 H ,5 C0^(0>-@- CO -<o;kOC 8 H ,7 
II ^ II 

0 o 



so 



55 
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JO 



J5 



20 



25 



30 



35 



40 



45 



(144) 



(145) 



(146) 



(147) 



(148) 



C 5 H„0-@-(o)-CO-@-COC,2H2s 
O O 



C 6 H ,3 -^CO -@-@-0C 9 H 19 

O 



C ,2 H2S 0-<O)-C0-®-^C0C 8 H „ 
0 O 



CsHia -®-CS-@-CtoH2, 
O 



C,oH2iO-^CS-®-C u H23 
O 



(149) 



C,2H25 0-(0>-@-CS-^C6 H,3 
O 



so 
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(150) 



10 



15 



20 



25 



30 



35 



(151) 



(152) 



(153) 



(154) 



C„H29 -<O>-CS-H@^0C8H„ 
O 

CtoHz, 0-^CS-<O>^C7 H,5 
0 

CeHia -^CO-®-S>-CioH2i 
O 

CsH,, -<§>-C0-^^C,2H« 
O 

CsHu -^C0-®-<^C8H„ 



40 



45 



50 



(155) 



N- 



CsHt ^C0-@K^O>-CuH23 
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(156) 



C4H9 -(^C0-@-(6>-Cn H23 
II N 



10 



IS 



20 



(157) 



N- 



CsHn -(H>-COH@K6>-C„He3 
II N 



(158) 



CaHn -®-C0-^O>-C,2H25 



0 



2S 



30 



(159) 



C3H7 -®-C0-<gKO>-C,2H25 



O 



35 



(160) 



C ,0 Hz: 0-^CH 2 0-^OC 9 H« 



40 



(161) 



45 



50 



Ci2H25 0-@-CH2 0-@^0C6 H,3 
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(162) 

C 5 H „ -^CH 2 0-@-^COC 8 H „ 

O 



,0 (163) 

Ct H,5 0-^>-<0)-CH2 0-^C0C,2H25 

0 

rs 




25 (165) 

CsHu -<h)-CH2 0-@-S>-C6H,3 

30 



(166) 

C3H7 -®-CH 2 0-®^^C,oH2i 




In formulating the liquid crystal composition according to the present invention comprising mesomor- 
phic compounds represented by the formula (1) and (III) together with another mesomorphic compound, it is 
desirable to mix 1 - 300 wt. Parts each, preferably 2 - 200 wt. parts each, of mesomorphic compound of the 
50 formulas (I) and (III) with 100 wt. parts of the remainder of the liquid crystal composition other than the 
compounds of the formulas (I) and (III). 

Further, when two or more species of either one or both of the compounds represented by the formulas 
(I) and (III) are used, the two or more species of the compounds of the formulas (I) and (111) may be used in 
a total amount of 1 - 500 wt. parts, preferably 2 - 200 wt. parts, per 100 wt. parts of the remainder of the 
55 liquid crystal composition other than the compounds of the formulas (I) and (III). 

In formulating the liquid crystal composition according to the present invention comprising mesomor- 
phic compounds represented by the formulas (I), (II) and (III) together with another mesomorphic com- 
pound, it is desirable to mix 1 - 300 wt. parts each, preferably 2 - 200 wt. parts each, of mesomorphic 
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compounds of the formulas (I), (II) and (III) with 100 wt. parts of the remainder of the liquid crystal 
composition other than the compounds of the formulas (I), (II) and (III). 

Further, when two or more species of either one or all of the compounds represented by the formulas 
(i), (II) and (III) are used, the two or more species of the compounds of the formulas (I), (II) and (111) may be 

5 used in a total amount of 1 - 500 wt. parts, preferably 2 - 200 wt. parts, per 100 wt. parts of the remainder 
of the liquid crystal composition other than the compound of the formulas (I), (II) and (III). 

The ferroelectric liquid crystal device according to the present invention may preferably be prepared by 
heating the liquid crystal composition prepared as described above into an isotropic liquid under vacuum, 
filling a blank cell comprising a pair of oppositely spaced electrode plates with the composition, gradually 

10 cooling the cell to form a liquid crystal layer and restoring the normal pressure. 

Figure 1 is a schematic sectional view of an embodiment of the ferroelectric liquid crystal device 
prepared as described above for explanation of the structure thereof. 

Referring to Figure 1, the ferroelectric liquid crystal device includes a ferroelectric liquid crystal layer 1 
disposed between a pair of glass substrates 2 each having thereon a transparent electrode 3 and an 

75 insulating alignment control layer 4. Lead wires 6 are connected to the electrodes so as to apply a driving 
voltage to the liquid crystal layer 1 from a power supply 7. Outside the substrates 2. a pair of polarizers 8 
are disposed so as to modulate incident light b from a light source 9 in cooperation with the liquid crystal 1 
to provide modulated light I. 

Each of two glass substrates 2 is coated with a transparent electrode 3 comprising a film of In2 03, 

20 Sn02 or ITO (indium-tin-oxide) to form an electrode plate. Further thereon, an insulating alignment control 
layer 4 is formed by rubbing a film of a polymer such as polyimide with gauze or acetate fiber-planted cloth 
so as to align the liquid crystal molecules in the rubbing direction. Further, it is also possible to compose 
the alignment control layer of two layers, e.g., by first forming an insulating layer of an inorganic material, 
such as silicon nitride, silicon nitride containing hydrogen, silicon carbide, silicon carbide containing 

25 hydrogen, silicon oxide, boron nitride, boron nitride containing hydrogen, cerium oxide, aluminum oxide, 
zirconium oxide, titanium oxide, or magnesium fluoride, and forming thereon an alignment control layer of 
an organic insulating material, such as polyvinyl alcohol, polyimide, polyamlde-imide, polyester-imide, 
polyparaxylylene, polyester, polycarbonate, polyvinyl acetai, polyvinyl chloride, polyvinyl acetate, 
polyamlde, polystyrene, cellulose resin, melamine resin, urea resin, acrylic resin, or photoresist resin. 

30 Alternatively, it is also possible to use a single layer of inorganic insulating alignment control layer or 
organic insulating alignment control layer. An inorganic insulating alignment control layer may be formed by 
vapor deposition, while an organic insulating alignment control layer may be formed by applying a selection 
of an organic insulating material or a precursor thereof in a concentration of 0.1 to 20 wt. %, preferably 0.2 - 
10 wt. %, by spinner coating, dip coating, screen printing, spray coating or roller coating, followed by curing 

35 or hardening under prescribed hardening condition (e.g., by heating). The insulating alignment control layer 
may have a thickness of ordinarily 50 A - 1 micron, preferably 100 - 3000 A, further preferably 100 - 1000 
A. The two glass substrates 2 with transparent electrodes 3 (which may be inclusively referred to herein as 
"electrode plates") and further with insulating alignment control layers 4 thereof are held to have a 
prescribed (but arbitrary) gap with a spacer 5. For example, such a cell structure with a prescribed gap may 

40 be formed by sandwiching spacers of silica beads or alumina beads having a prescribed diameter with two 
glass plates, and then sealing the periphery thereof with, e.g., an epoxy adhesive. Alternatively, a polymer 
film or glass fiber may also be used as a spacer. Between the two glass plates, a ferroelectric liquid crystal 
is sealed up to provide a ferroelectric liquid crystal, layer 1 in a thickness of generally 0.5 to 20 microns, 
preferably 1 to 5 microns. 

45 The transparent electrodes 3 are connected to the external power supply 7 through the lead wires 6. 
Further, outside the glass substrates 2, polarizers 8 are applied. The device shown in Figure 1 is of a 
transmission type and is provided with a light source 9. 

Figure 2 is a schematic illustration of a ferroelectric liquid crystal cell (device) for explaining operation 
thereof. Reference numerals 21a and 21b denote substrates (glass plates) on which a transparent electrode 

50 of, e.g., In203, Sn02, ITO (indium-tin-oxide), etc., is disposed, respectively. A liquid crystal of an SmC"- 
phase (chlral smectic C phase) or SmH*-phase (chlral smectic H phase) in which liquid crystal molecular 
layers 22 are aligned perpendicular to surfaces of the glass plates is hermetically disposed therebetween. 
Full lines 23 show liquid crystal molecules. Each liquid crystal molecule 23 has a dipole moment (P Jj 24 In 
a direction perpendicular to the axis thereof. The liquid crystal molecules 23 continuously form a helical 

55 structure in the direction of extension of the substrates. When a voltage higher than a certain threshold level 
is applied between electrodes formed on the substrates 21a and 21b, a helical structure of the liquid crystal 
molecule 23 is unwound or released to change the alignment direction of respective liquid crystal molecules 
23 so that the dipole moments (Pjj 24 are all directed in the direction of the electric field. The liquid 
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crystal molecules 23 have an elongated shape and show refractive anisotropy between the long axis and 
the short axis thereof. Accordingly, it is easily understood that when, for instance, polarizers arranged in a 
cross nicol relationship, i.e., with their polarizing directions crossing each other, are disposed on the upper 
and the lower surfaces of the glass plates, the liquid crystal cell thus arranged functions as a liquid crystal 
5 optical modulation device of which optical characteristics vary depending upon the polarity of an applied 
voltage - 

Further, when the liquid crystal cell is made sufficiently thin (e.g.. less than about 10 microns), the 
helical structure of the liquid crystal molecules is unwound to provide a non-helical structure even in the 
absence of an electric field, whereby the dipole moment assumes either of the two states, i.e., Pa in an 

10 upper direction 34a or Pb in a lower direction 34b as shown in Figure 3, thus providing a bistable condition. 
When an electric field Ea or Eb higher than a certain threshold level and different from each other in 
polarity as shown in Figure 3 is applied to a cell having the above-mentioned characteristics, the dipole 
moment Is directed either In the upper direction 34a or in the lower direction 34b depending on the vector 
of the electric field Ea or Eb. In correspondence with this, the liquid crystal molecules are oriented in either 

15 of a first stable state 33a and a second stable state 33b. 

When the above-mentioned ferroelectric liquid crystal is used as an optical modulation element, it is 
possible to obtain two advantages. First Is that the response speed is quite fast. Second is that the 
orientation of the liquid crystal shows bistability. The second advantage will be further explained, e.g., with 
reference to Figure 3. When the electric field Ea is applied to the liquid crystal molecules, they are oriented 

20 in the first stable state 33a. This state is stably retained even if the electric field is removed. On the other 
hand, when the electric field Eb of which direction is opposite to that of the electric field Ea is applied 
thereto, the liquid crystal molecules are oriented to the second stable state 33b, whereby the directions of 
molecules are changed. This state is similarly stably retained even if the electric field Is removed. Further, 
as long as the magnitude of the electric field Ea or Eb being applied is not above a certain threshold value, 

25 the liquid crystal molecules are placed in the respective orientation states. 

When such a ferroelectric liquid crystal device comprising a ferroelectric liquid crystal composition as 
described abova between a pair of electrode plates is constituted as a simple matrix display device, the 
device may be driven by a driving method as disclosed in Japanese Laid-Open Patent Applications (KOKAI) 
Nos. 193426/1984. 193427/1984. 156046/1985. 156047/1985. etc. 

30 Hereinbelow, the present invention will be explained more specifically with reference to examples. It is 
however to be understood that the present invention is not restricted to these examples. 

Synthesis Example 4 

35 F 

o 

40 



2-fluoro-4-(5-decyl-2-pyrimidinyl)phenyl trans-4-n-propylcyclohexy!carboxylate (Example Compound No. 
1 -2) represented by the above formula was synthesized in the following manner. 

45 0.50 g (1.52 mM) of 2-fluoro-4-(5-decyl-2-pyrlmidinyl)phenol was dissolved in 10 ml of pyridine and 
stirred on an Iced water bath. To the solution, 0.34 g (1.82 mlVI) of trans-4-n-propylcyclohexanecarbonyl 
chloride was added dropwise, followed by stirring for 5 hours on the iced water bath. After the reaction, the 
reaction mixture was poured into water, acidified with cone, hydrochloric acid and extracted with methylene 
chloride. The organic layer was washed with water, followed by drying with sodium sulfate, distilling-off of 

50 the solvent, purification by silica gel column chromatography and recrystallization from ethanol/ethyl acetate 
mixture solvent to obtain 0.44 g (0.92 mM) of the objective compound (Yield: 60.3 %). 
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T5 



25 



40 



45 



Phase transition temperature ( * C) 



55.7 77.1 153.8 

Cryst. SraC ^ N ^ Iso, 

76.6 153.4 

38. 3\ /46.8 



^4 — S3 



'0 42.4 



N: nematic phase. 
Synthesis Example 5 



F 

^ ^ N. 



C5«11-<^CO^><QyCioH2i 



2-fluoro-4-(5-decyl-2-pyrimldinyl)phenyl trans-4-n-pentylcyclohexylcarboxylate (Example Compound No. 
1-8) represented by the above formula was synthesized in the following manner. 

0.39 g (1.80 mM) of trans-4-n-pentylcyclohexylcarbonyl chloride was added dropwise to 0.50 g (1.52 

30 mM) of 2-fluoro-4-(5-decyl-2-pyrimidinyl)phenyl dissolved in 4 ml of pyridine on an iced bath. After the 
addition, the iced water bath was removed and the resultant mixture was stirred for 30 min, at room 
temperature, followed by further stirring for 2 hours at 40 - 50 on a water bath. After the reaction, the 
reaction mixture was poured into 100 ml of iced water to precipitate a crystal. The crystal was recovered by 
filtration and dissolved in ethyl acetate, followed by washing with 2N-hydrochloric acid and water, drying 

35 with sodium sulfate and distilling-off of the solvent. The resultant crystal was purified by silica gel column 
chromatography (eluent: toluene) and recrystallized from ethanol In a freezer to obtain 0.45 g (0.88 mM) of 
the objective compound (Yield: 58.2 %). 



Phase transition temperature ( ' C) 



55.5 87.8 155.5. 

Cryst. SmC N Iso. 

42.8 87.0 155.1 



Example 1 

50 A liquid crystal composition A was prepared by mixing the following compounds in respectively 
indicated proportions. 
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Ex.Comp.No. Structural formula wt. parts 

CH3 

20 CioH2iO^QV^(HCH^CHC2H5 15 



CH3 

N- ' 
21 CoH.^YPlVPiVOfCH^-H-CHCoHc 15 



7-(QV<§^0+CH2->3-CHC2H5 



CH3 



58 C8Hi7-<Q>(g)-(HCH2-^CHOC5HTi 10 



CH3 



89 oH2t .(Q>^0^CH2-^CH0C3H7 



165 C5H1 T -<2>-CH20-<Q)Hp>-C6Hi 3 



'-94 Ci o«21 ^>^OCH2CHC8H, 7 



20 



N 

59 CjH^^I^COHlgX^ 2^25 ^ 



3-69 0«21 "<^><§)H0|-(^ 3 ^ 3 

O 

F 

■ N 



The liquid crystal composition A was further mixed with Example Compound No. 1-2 in the proportions 
indicated below to provide a liquid crystal composition B. 
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Ex,Comp,No, Structural formula 

F 

1 ^2 C3H7 Y H VcoYOyO/^l 0«21 
O 

Composition A 90 

70 

Two 0.7 mm-thick glass plates were provided and respectively coated with an ITO film to form an 
electrode for voltage application, which was further coated with an insulating layer of vapor-deposited Si02. 
On the insulating layer, a 0-2 %-solution of silane coupling agent (KBM-602, available fronr^ Shinetsu Kagaku 

75 K.K.) in isopropyl alcohol was applied by spinner coating at a speed of 2000 rpm for 15 second and 
subjected to hot curing treatment at 120 'C for 20 min. 

Further, each glass plate provided with an ITO film and treated in the above described manner was 
coated with a 1.5 %-solution of polyimide resin precursor {SP-510, available from Toray K.K.) in 
dimethylacetoamide by a spinner coater rotating at 2000 rpm for 15 seconds. Thereafter, the coating film 

20 was subjected to heat curing at 300 '0 for 60 min. to obtain about 250 A-thick film. The coating film was 
rubbed with acetate fiber-planted cloth. The thus treated two glass plates were washed with isopropyl 
alcohol. After alumina beads with an average particle size of 2.0 microns were dispersed on one of the 
glass plates, the two glass plates were applied to each other with a bonding sealing agent (Lixon Bond, 
available from Chisso K.K.) so that their rubbed directions were parallel to each other and heated at 100 'C 

25 for 60 min. to form a blank cell. The cell gap was found to be about 2 microns as measured by a Berek 
compensator. 

Then, the liquid crystal composition B was heated into an isotropic liquid, and injected into the above 
prepared cell under vacuum and. after sealing, was gradually cooled at a rate of 20 *C/hour to 25 'C to 
prepare a ferroelectric liquid crystal device. 
30 The ferroelectric liquid crystal device was subjected to measurement of an optical response time (time 
from voltage application until the transmittance change reaches 90 % of the maximum under the application 
of a peak-to-peak voltage Vpp of 20 V in combination with right-angle-cross-nicol polarizers). 

The results are shown below. 





15 -C 


25 -C 


35 -C 


Response time (usee) 


134 


89 


74 



Further, when the device was driven and a clear switching action was observed, and good bistability 
was shown after the termination of the voltage application. 

Comparative Example 1 

A ferroelectric liquid crystal device was prepared in the same manner as In Example 1 except that the 
liquid crystal composition A prepared in Example 1 was Injected into a ceil. The measured values of the 
response time of the device were as follows. 





15 -C 


25 'C 


35 •C 


Response time (usee) 


155 


100 


80 



As is understood from the comparison between Example 1 and Comparative Example 1 , a ferroelectric 
liquid crystal device using the liquid crystal composition B containing both the compounds according to 
55 general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 
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Example 2 

A liquid crystal composition C was prepared in the same manner as in Example 1 except that the 
following Example Compounds were used instead of Example Compound No. 1-2 in respectively indicated 
proportions. 

Ex,Coinp,No. Structural formula wt, parts 

F 

1 ^8 C5H1 1 -(^CO-^^^^ 0^21 5 

O 

F 

1 -37 C3H7H:V^CH20.(Q^^^ 3 5 

Composition A 90 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition C. The ferroelectric liquid crystal device was subjected to measurement of response time 
and observation of a switching state, etc. in the same manner as in Example 1 , whereby the following 
results were obtained. 





15*0 


25-C 


35*0 


Response time (usee) 


132 


88 


72 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 2 and Comparative Example 1 , a ferroelectric 
liquid crystal device using the liquid crystal composition C containing both the compounds according to 
general formulas (I) and (111) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 3 

A liquid crystal composition D was prepared in the same manner as in Example 1 except that the 
following Example Compounds were used instead of Example Compound No. 1-2 in respectively indicated 
proportions. 
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Structural formula 
F 



1 -1 7 c4H9y7vco^n^ 9 

> — f 1 > — f N — f 



wt .parts 



70 



75 



1.61 C3H7-<T)^OC^)<^ 

0 



20 



25 



1 -45 C5H1 ^ 



Composition A 



90 



A ferroelectric liquid crystal device was prepared In the same manner as in Example 1 except for using 
30 the composition D. The ferroelectric liquid crystal device was subjected to measurement of response time 
and observation of a switching state, etc. in the same manner as In Example 1, whereby the following 
results were obtained. 



35 





15*C 


25*C 


35*C 


Response time (usee) 


128 


86 


71 



40 



45 



50 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 3 and Comparative Example 1. a ferroelectric 
liquid crystal device using the liquid crystal composition D containing both the compounds according to 
general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 4 

A liquid crystal composition E was prepared in the same manner as in Example 1 except that the 
following Example Compounds were used instead of Example Compound No. 1-2 in respectively Indicated 
proportions. 
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Ex,Coinp.No, 



Structural formula 



wt, parts 



1-11 CgH^ 3^^f<^(J^^^ 0^21 



1^49 CgH^ 3hQ^C0hQX^(^ 3 3 

0 

F CH3 
1 -55 C5H-1 ^ -( H VcH20-('QV(OyOCH2CHC2H5 3 

Composition A 90 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition E. The ferroelectric liquid crystal device was subjected to measurement of response time 
and observation of a switching state, etc. in the same manner as in Example 1, whereby the following 
results were obtained. 





15-C 


25 'C 


35-C 


Response time (usee) 


119 


79 


65 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 4 and Comparative Example 1 , a ferroelectric 
liquid crystal device using the liquid crystal composition E containing both the compounds according to 
general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 



Example 5 

A liquid crystal composition F was prepared in the same manner as in Example 1 except that the 
following Example Compounds were used instead of Example Compound No. 1-2 in respectively indicated 
proportions. 
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Ex , Comp , No , 



Structural formula 



wt, parts 



1 -20 C5H1 1 -<;TyC0^nK(3>-^Cl 2«25 
> — f \ ^ — f N— ^ 

0 



70 



75 



1 -72 C4H9y^OC^O!X 2«25 

0 

CN 

1 -80 C3H7h(V>.OCH2H^)<Q)^C-, 0H21 



20 



Composition A 



90 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
25 the composition F. The ferroelectric liquid crystal device was subjected to measurement of response time 
and observation of a switching state, etc. in the same manner as in Example 1. whereby the following 
results were obtained. 



30 





15*C 


25*C 


35*C 


Response time (usee) 


131 


90 


71 



35 



40 



45 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 5 and Comparative Example 1 , a ferroelectric 
liquid crystal device using the liquid crystal composition F containing both the compounds according to 
general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 6 

A liquid crystal composition G was prepared in the same manner as in Example 1 except that the 
following Example Compounds were used instead of Example Compound No. 1-2 in respectively indicated 
proportions. 
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Ex,Comp,No. 



Structural formula 



F 



1 -26 ^4«9^£^|0-^g)^^^ 2^25 

0 O 



wt> parts 



70 



1 -32 C4H9-<V)-CH20^Q)^^^ 2«25 



75 



20 



1 -84 C4H9^(V).OCH2^g)^^ 7 



Composition A 



91 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
25 the composition G. The ferroelectric liquid crystal device was subjected to measurement of response time 
and observation of a switching state, etc. In the same manner as in Example 1, whereby the following 
results were obtained. 





15-C 


25-C 


35-C 


Response time (usee) 


131 


89 


70 



Further, when the device was driven, a clear switching action was observed, and good bistabillty was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 6 and Comparative Example 1, a ferroelectric 
liquid crystal device using the liquid crystal composition G containing both the compounds according to 
general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 7 

A liquid crystal composition H was prepared by mixing the following compounds In respectively 
Indicated proportions. 
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Ex.Comp.No. Structural formula wt. parts 

I 

8 C8H^70^0C^g)^CH2CHC2H5 16 



I 

O 



CH3 



C8"l 70-(^|S^CH2CHC2H5 
0 



22.5 



18 C8Hi70-(g>-CO-<g).OCH2CHC2H5 64 

0 

CH3 

23 C8H,7^>(g)-0-eCH2-h5-CHC2H5 10 



CH3 

24 CiiH230-<|QX^O-(-CH2-^CHC2H5 10 
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CH3 

" CioH2iO-(g>-CS-(g>-OCH2CHC2H5 22.5 

O 

CH-, 

63 CioH2iOCH(g)^OC-(Q)-OCH2CHOC5Hi1 15 

o o 

87 C6H,30C-<;g>^^OC-(g>-OCH2CHOC8Hi7 15 

O 0 



159 C3H7H(H)-CO.(g)<^Ci2H25 20 

O 



3-13 Ci2H250-^CO-(g)-OCH2CHC6Hi3 6.75 

O 

F 
I 

3-7 C8Hi70-(g)-CO^(g)-OCH2CHC5Hii 18.75 

O 

The liquid crystal composition H was further mixed with Example Compounds Nos. 1-2, 1-16 and 1-34 
in the proportions indicated below to provide a liquid crystal composition I. 



Ex.Comp.No. Structural formula wt. parts 

P 

1-2 C3H7-0-CO-^^Q)-CioH21 ^ 



I 
O 
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Composition H 90 

75 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition (. The ferroelectric liquid crystal device was subjected to measurement of response time 
and observation of a switching state, etc. in the same manner as in Example 1, whereby the following 
20 results were obtained. 





15*C 


25*C 


35'C 


Response time (usee) 


390 


251 


192 



25 



Comparative Example 2 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
liquid crystal composition H prepared in Example 7 was Injected Into a cell. The measured values of the 
response time of the device were as follows. 





15 *C 


25 


35 


Response time (iLisec) 


450 


270 


195 



As is understood from the comparison between Example 7 and Comparative Example 2, a ferroelectric 
liquid crystal device using the liquid crystal composition I containing both the compounds according to 
40 general formulas (i) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 8 

45 A liquid crystal composition J was prepared in the same manner as in Example 7 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2. 1-16 and 1-34 
prepared In Example 7 in respectively indicated proportions. 
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Ex>Comp«No, 



Structural formula 

CI 



1 -6 ^4%\^^0^Q;K^^ o»21 



wt .parts 



10 



CI 



75 



20 



1-64 



Br 

C4H9^0C^^P^C9Hi9 
0 

Composition H 



90 



25 



30 



35 



40 



45 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition J. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 3. 
whereby the following results were obtained. 





15'C 


25-C 


35*0 


Response time (usee) 


395 


242 


183 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 8 and Comparative Example 2, a ferroelectric 
liquid crystal device using the liquid crystal composition J containing both the compounds according to 
general formulas (I) and (111) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 9 

A liquid crystal composition K was prepared in the same manner as in Example 7 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2, 1-16 and 1-34 
prepared in Example 7 in respectively indicated proportions. 
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10 



Ex,Comp,No. 



Structural formula 



wt, parts 



1 -48 CgH^ -(nycX^-^^^^^O^ 3 



I 

o 



CH, 



1-53 C5HiiH(H^CH20^^>|^CH2t5CHC2H5 3 



75 



20 



F F 

1 <71 C3H7.0.OC..^)^^^ 3 

O 

Composition H 



90 



25 



30 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition K. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1, 
whereby the following results were obtained. 





15*C 


25-C 


35-C 


Response time (usee) 


388 


241 


185 



35 



40 



45 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 9 and Comparative Example 2. a ferroelectric 
liquid crystal device using the liquid crystal composition K containing both the compounds according to 
general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 10 

A liquid crystal composition L was prepared in the same manner as in Example 7 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2, 1-16 and 1-34 
prepared in Example 7 in respectively indicated proportions. 
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Ex>Comp,No. 



Structural formula 



vt. parts 



1 -4 C3H7^CO.^^^C6Ht 3 



TO 



1 -8 C5H1 1 \H/CO-(0)<Q>-Ci 0H2I 



75 



20 



F t 

1 -49 CgH, 3^5)"r"'^l^°'^"2CHC6Hi 3 



25 



1 -63 C4H9-(H\0C^(nKQ^ 7 

0 



30 



CH- 



1 -86 C5H1 1 -(h)-OCH2H^|q)-OC6Ht 3 



35 



Composition H 



89 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
40 the composition L. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the- same manner as in Example 1, 
whereby the following results were obtained. 



45 



50 





15*C 


25-C 


35-C 


Response time (usee) 


366 


244 


187 



55 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 10 and Comparative Example 2. a ferroelectric 
liquid crystal device using the liquid crystal composition L containing both the compounds according to 
general formulas (1) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 
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Example 1 1 

A liquid crystal composition M was prepared in the same manner as in Example 7 except that the 
following Example Compounds were used Instead of Example Compounds Nos. 1-2, 1-16 and 1-34 
5 prepared In Example 7 in respectively indicated proportions. 



Ex,Comp,NQ, Structural formula wt .parts 




4 



O 

75 

F 




35 

Composition H 69 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
40 the composition M. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1. 
whereby the following results were obtained. 





15*C 


25*C 


35'C 


Response time (usee) 


374 


247 


190 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 1 1 and Comparative Example 2, a ferroelectric 
liquid crystal device using the liquid crystal composition M containing both the compounds according to 
general formulas (I) and (HI) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

55 
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Example 12 



A liquid crystal composition N was prepared in the same manner as in Example 7 except that the 
following Example Compounds were used Instead of Example Compounds Nos. 1-2, 1-16 and 1-34 
prepared in Example 7 In respectively indicated proportions. 



Ex , Comp , No . 



1-2 



Structural formula 
F 



wt, parts 



1-.7 



1-38 



Br 



CH- 



1 -54 CgHi 3-<T)^CH20-^x]2^ 2 



F F 



1 -87 CqHi 7^(HyOCH2H;^^(^OCH2CHC4H9 3 
Composition H' . 



87 



A ferroelectric liquid crystal device was prepared in the same manner as In Example 1 except for using 
the composition N. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1. 
whereby the following results were obtained. 





15*C 


25'C 


35-C 


Response time (usee) 


364 


244 


186 



Further, when the device was driven, a clear switching action was observed, and good blstabHity was 
shown after the temnination of the voltage application. 

As is understood from the comparison between Example 12 and Comparative Example 2, a ferroelectric 
liquid crystal device using the liquid crystal composition N containing both the compounds according to 
general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
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10 



15 



20 



25 



speed and a decreased temperature-dependence of the response speed. 
Example 13 

A liquid crystal composition 0 was prepared in the same manner as in Example 7 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2, 1-16 and 1-34 
prepared in Example 7 in respectively indicated proportions. 

Ex^Comp.No, Structural formula wt, parts 

F F 



1-49 



'6«1 3-(^JO^^^^OCH2OT^ 3 



1 ^71 C2^^^{^CO^(^^^OCH2CECQ}i^ 3 4 

O 

Composition H 92 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition 0. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
30 ment of response time and observation of a switching state, etc. in the same manner as in Example 1» 
whereby the following results were obtained. 





15-C 


25'C 


35 -C 


Response time (usee) 


315 


203 


152 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 13 and Comparative Example 2, a ferroelectric 
liquid crystal device using the liquid crystal composition 0 containing both the compounds according to 
general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of.the response speed. 



Example 14 

A liquid crystal composition P was prepared in the same manner as in Example 7 except that the 
following Example Compounds were used Instead of Example Compounds Nos. 1-2, 1-16 and 1-34 
prepared in Example 7 in respectively indicated proportions. 



55 
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Structural formula 



wt .parts 




30 A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition P. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1. 
whereby the following results were obtained. 





15-C 


25 -C 


35-C 


Response time (usee) 


374 


246 


189 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 14 and Comparative Example 2, a ferroelectric 
liquid crystal device using the liquid crystal coniposition P containing both the compounds according to 
general formulas (I) and (III) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 

A liquid crystal composition Q was prepared in the same manner as in Example 7 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2, 1-16 and 1-34 
prepared in Example 7 in respectively indicated proportions. 
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Ex,Comp,No. Structural formula wt. parts 



F 




0 



Composition H 90 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition Q. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
35 alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. In the same manner as in Example 1, 
whereby the following results were obtained. 





15'C 


25*C 


35*C 


Response time (usee) 


366 


243 


184. 



Further, when the device was driven, a clear switching action was observed, and good bistability was 
shown after the termination of the voltage application. 

As is understood from the comparison between Example 15 and Comparative Example 2. a ferroelectric 
liquid crystal device using the liquid crystal composition Q containing both the compounds according to 
general formulas (I) and (111) showed an improved low-temperature operation characteristic, a high response 
speed and a decreased temperature-dependence of the response speed. 

Example 16 

A blank cell was prepared in the same manner as in Example 1 by using a 2 % aqueous solution of 
polyvinyl alcohol resin (PVA-117. available from Kuraray K.K.) instead of the 1.5 %-solution of polyimide 
resin precursor in dimethylacetoamide on each electrode plate, A ferroelectric liquid crystal device was 
prepared by filling the blank cell with the liquid crystal composition B prepared in Example 1. The liquid 
crystal device was subjected to measurement of optical response time in the same manner as in Example 
1 . The results are shown below. 
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15 'C 


25 -C 


35 -C 


Response time (u-sec) 


128 


85 


70 



Example 17 



10 



A blank cell was prepared in the same manner as in Example 3 except for omitting the Si02 layer to 
form an alignment control layer composed of the polyimide resin layer alone on each electrode plate. A 
ferroelectric liquid crystal device was prepared by filling the blank cell with the liquid crystal composition B 
prepared in Example 1 . The liquid crystal device was subjected to measurement of optical response time in 
the same manner as In Example 1 . The results are shown below. 



T5 





15 


25 


35 *C 


Response time (usee) 


125 


83 


68 



As is apparent from the above Examples 16 and 17, also in the cases of different device structures, the 
20 devices containing the ferroelectric liquid crystal composition B according to the present invention 
respectively provided a remarkably improved operation characteristic at a lower temperature and also a 
decreased temperature-dependence of the response speed. 



25 



30 



Synthesis Examples 6 - 8 

2-fluoro-4-(5-octyl-2-pyrimidlnyl)phenyl trans-4-n-propylcyclohexylcarboxylate (Synthesis Example 6, 
Example Compound No. 1-104), 2-fluoro-4-(5-undecyh2-pyrimidinyI)phenyl trans-4-n-propylcyclohexylcar- 
boxylate (Synthesis Example 7, Example Compound No. 1-3) and 2-fluoro-4-(5-undecyl-2-pyrimidlnyl)phenyl 
trans-4-n-pentylcyclohexylcarboxylate (Synthesis Example 7, Example Compound No. 1-107) were syn- 
thesized similarly as in Synthesis Example 4 or Synthesis Example 5. Each Example Compound showed 
the following phase transition series, respectively. 



35 



40 



Synthesis Example 6 



C3H7 Y H VC00-(0><0>C8H1 7 



(Example Compound No. 1-4) 



45 



50 



55 
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Phase transition temperature ( * C) 

65.0 164.6 
Cryst. N ^ Iso, 

43.6 163.6 



Synthesis Example 7 

10 



F 

N — . N- 



75 



C3«7-{^COO-<;gK(^Ci 1 H2 



(Example Compound No. 1-3) 
20 Phase transition temperature ( * C) 



68.3 84.6 146.8 



Cryst. SmC N Iso, 

25 V / 83.8 "146.1 

30.5 \ / 52.3 



S3 



30 

Synthesis Example 8 



F 

35 V_ N- 



C5H1 1 1 "23 



40 

(Example Compound No. 1-107) 



45 



50 



55 
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Phase transition temperature ( • C) 



70.0 100.6 152.9 

Cryst. SmC - N • Iso, 

100,1 152.5 

38.1 \ /52.1 



1 

S4 S3 

42.2 



Example 18 

A liquid crystal composition R was prepared by mixing the following compounds in respectively 
indicated proportions. 

Ex.Comp.No. Structural formula wt. parts 

CH3 

20 CioH2iO-<^^OK:H2-^CHC2H5 15 



CH3 

21 C8H^7-((3XgV0fCH2-fy-CHC2H5 15 



CH3 

58 C8Hi7^>^0<CH2-^CHOC5Hii 10 



• N 



89 0H21 -(QKg)-0 -tCH2-^CH0C.3H7 

N 

159 C3H7^CO-<gX^Cl 2H25 



N 

165 C5H1 1 -{HyCH20-<g^(^C6Hi 3 



20 



15 



137 



EP 0 401 522 B1 



The liquid crystal composition R was further mixed with the following Example Compounds in the 
proportions indicated below to provide a liquid crystal composition 18-R. 



Ex.Comp.NOa Structural formula wt^ parts 

1-2 C3H7^;T)-CO.^^CioH2i 3.5 



I 
O 



F 



F 

1-109 C,H,-^ H V|0-^nKnVC, ,H,.; 1.5 

O 

F 

3-69 C,oH2i-(^X§)-°|-(0>-°^^25HC6Hi3 12.0 

O 

F 

3-94 CioH2i-<OX5>-O^H2CHC8Hi7 7-0 



2-16 C8Hi7-(^Xg)-OC6H3 3 6.5 



2-24 CgHig-^gl^OCgHi^ 6.5 

CH3 

2-54 0H21 -^^OiCH^CEOCH^ 3 . 5 



2-67 CgH^ 9^X0)^^f-^7«l 5 

O 



3.5 



Composition R 56.0 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition 18-R. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
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alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1. 
whereby the following results were obtained. 





15-C 


25 -C 


35-C 


Response time (usee) 


115 


80 


68 



Comparative Example 3 

A liquid crystal composition 18-Rb was prepared by omitting only Example Compounds Nos. 1-2 and 1- 
109 from the liquid crystal composition 18-R prepared in Example 18. otherwise in the same manner as in 
Example 18. 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
liquid crystal composition 18-Rb was injected into a cell. The measured values of the response time of the 
device were as follows. 





15 'C 


25 -C 


35 -C 


Response time (usee) 


132 


87 


71 



As is understood from the comparison between Example 18 and Comparative Example 3, a ferroelectric 
25 liquid crystal device using the liquid crystal composition 18-R containing the mesomorphic compounds 
according to the present invention showed an improved low-temperature operation characteristic, a high 
response speed and a decreased temperature-dependence of the response speed. 

Example 19 

30 

A liquid crystal composition 19-R was prepared in the same manner as in Example 18 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2. 1-109. 2-16, 2-24. 2- 
54, 2-67. 3-69 and 3-94 prepared in Example 18 in respectively indicated proportions. 
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Ex.Comp.No. Structural formula wt. parts 



1-11 



1-49 



CN 

N- 



Ce"! 3-<^?o-(DX(3^^i 0»21 



C6«l 3-<5)-f -<QXn^°^"2;«C6Hi 3 



CH, 



1-55 C5H,i-(h)-CH20-(OkO)-OC"2C"^2«5 ^ 

\ f \ f M f * 



2-9 



CgHi 3^X0)-0^1 0H2I 



2-17 



C8Hl7^X0^°^7»15 



12 
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• N 

2-48 



C9»190^><^C8"17 



CH3 



2-55 Ct2H25<QHO>°^C«2^^«-0^"3 ^ 



70 



2-86 



'^12"25 



75 



OC-C^H. ^ 
1 ' 

o 



3-75 C7H^5^jKg^COCH2CHC8Hi7 8.5 

0 



25 



3-28 



C5H1 ^ -{H).COH;g).OCH2CHC6H^ 3 
O 



10.5 



Composition R 43 

30 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition 19-R. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
35 ment of response time and observation of a switching state, etc, in the same manner as in Example 1. 
whereby the following results were obtained. 





15-C 


25*C 


35-C 


Response time (usee) 


100 


72 


58 



Comparative Example 4 

A liquid crystal composition 19-Rb was prepared by omitting only Example Compounds Nos. 1-11, 1-49 
and 1-55 from the liquid crystal composition 19-R prepared in Example 19, otherwise in the same manner 
as in Example 19. 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
liquid crystal composition 19-Rb was injected into a cell. The measured values of the response time of the 
device were as follows. 





15 'C 


25 -C 


35 -C 


Response time (usee) 


115 


76 


60 



As is understood from the comparison between Example 19 and Comparative Example 4, a ferroelectric 
liquid crystal device using the liquid crystal composition 19-R containing the mesomorphic compounds 
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according to the present invention showed an Improved low-temperature operation characteristic, a high 
response speed and a decreased temperature-dependence of the response speed. 

Example 20 

A liquid crystal composition 20-R was prepared in the same manner as in Example 18 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2, 1-109, 2-16. 2-24, 2- 
54, 2-67, 3-69 and 3-94 prepared in Example 18 In respectively indicated proportions. 
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Ex,Comp.No. Structural formula vt, parts 



1-20 



1-72 



C5H1 1 XS^f -^>{Q)-oci 2H25 



F 

C4H9-0-OC-^j^OCT 2H25 



1-80 



CN 



C3H7 Y H )-OCH2-(OXO>-Cl 0^21 



2-18 



C8Hl7^X0>-°''8Hl7 



10 



2-22 C, 



«19^X0^OC6H 



13 



2-31 CnH 



10«21-<QKg>-OC8Hl7 



2-56 



fj . 

C6Hl3-<Q><P^OJ-C8«17 
0 



2-90 



.N 




C9Hi90^OKU/0C-C7H,5 
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3-48 



3-109 



Composition R 46 

75 

A ferroelectric liquid crystal device was prepared In the same manner as In Example 1 except for using 
the composition 20-R. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. In the same manner as In Example 1, 
20 whereby the following results were obtained. 





15'C 


25-C 


35 -C 


Response time (usee) 


112 


76 


65 



C8«1 70-<g>fO^COCH2CHC8Hi 7 



I 

o 



Comparative Example 5 

A liquid crystal composition 20-Rb was prepared by omitting only Example Compounds Nos. 1-20, 1-72 
and 1-80 from the liquid crystal composition 20-R prepared In Example 20, otherwise in the same manner 
as in Example 20. 

A ferroelectric liquid crystal device was prepared In the same manner as In Example 1 except that the 
liquid crystal composition 20-Rb was injected into a cell. The measured values of the response time of the 
device were as follows. 

35 





15 'C 


25 -C 


35 -C 


Response time (usee) 


130 


89 


68 



As Is understood from the comparison between Example 20 and Comparative Example 5, a ferroelectric 
liquid crystal device using the liquid crystal composition 29-R containing the mesomorphic compound 
according to the present invention showed an improved low-temperature operation characteristic, a high 
response speed and a decreased temperature-dependence of the response speed. 

45 

Example 21 

A liquid crystal composition S was prepared by mixing the following compounds in respectively 
indicated proportions. 

50 



55 
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Ex,Comp,No, Structural formula wt, parts 

I 

8 CgHi 70^§>-OCH;g>^CH2CHC2H5 1 6 



1 
0 



CH 



3 



C8«1 70-<§)-f -<0)-CH2CHC2H5 



J 

0 



?«3 



CH3 



9«3 



24 C,iH230^2-<§)-°<^«2)2 J^CjHg 



9«3 



0 



CH3 



CH- 



1 59 C3H7-(H)-CO-<gK^(^-Ci 2H25 

0 



22.5 



18 C8Hi7O-<^C0-<;g)-OCH2CHC2H5 64 

0 



23 C8Hi7-^>^-0{CH2)5 CHC2H5 10 



10 



43 CioH2iO-^CS-^OCH2CHC2H5 22.5 

II ^ ' ^ 



63 CioH2iOC-^)^.OC-{g>-OCH2iHOC5Hn 15 

0 



87 C6Hi30C-.(g>-<g)-OC-(g>-OCH2CHOC8Hi7 15 
6 6 



20 



The liquid crystal composition S was further mixed with the following Example Compounds 
proportions indicated below to provide a liquid crystal composition 21 -S. 



145 



EP 0 401 522 B1 



Ex.Comp.No. Structural formula 



wt. parts 



• F 



1-2 



C3H7-(H)-CO-^)-fg^Ci 0H21 



1-9 



CgHi 1 -(h)-CO-^HQ)-Ci 2»25 
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1-16 



2-15 



2-25 



3-7 



F 

C3H7-^CO-^><^OCi 2H25 



F 

1-34 C5Hi,-<^CH20-^;K^C7Hi5 6.5 



C7«15-(^X0^°Cl4K29 



2-19 C8Hi7-(^y(g>-OC9Hi9 10 




2-29 



3-13 Ci2H250-(^CO-(Q)-OCH2CHCgHi3 7 



F 

o 



F 

3-92 Ci2H25-(^X^°^"2jHC6Hi3 10 

Composition S 42 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition 21 -S. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1, 
whereby the following results were obtained. 
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15-C 


25 -C 


35 -C 


Response time (usee) 


335 


215 


178 



Comparative Example 6 



A liquid crystal composition 21 -Sb was prepared by omitting only Example Compounds Nos. 1-2. 1-9. 
1-16 and 1-34 from the liquid crystal composition 30-S prepared in Example 21, otherwise in the same 
manner as in Example 21 . 

A ferroelectric liquid crystal device was prepared In the same manner as in Example 1 except that the 
liquid crystal composition 21 -Sb was injected into a cell. The measured values of the response time of the 
device were as follows. 





15 •C 


25 -C 


35 -C 


Response time (usee) 


385 


231 


180 



As is understood from the comparison between Example 21 and Comparative Example 6, a ferroelectric 
liquid crystal device using the liquid crystal composition 30-S containing the mesomorphic compounds 
according to the present invention showed an improved low-temperature operation characteristic, a high 
response speed and a decreased temperature-dependence of the response speed. 



Example 22 

A liquid crystal composition 22-S was prepared in the same manner as in Example 21 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2, 1-9. 1-16, 1-34, 2-15, 
2-19, 2-25. 2-29. 3-7, 3-13 and 3-92 prepared in Example 21 in respectively indicated proportions. 



Ex,CQmp,No, 



1-4 



Structural formula wt. parts 

F 

I . N-^ 

2 



1-8 
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10 



75 



25 



30 



35 



40 



45 



SO 



55 



F F 

1-49 C6HT3.(i^CO.^^(^ 3 



1-63 



O 

F 



CH3 



1 -86 CgH^ ^ -®-OCH2-(^^OC6Hi 3 2 



20 ^ N 

2-1 CcH 



2-16 C3Hi7-<g|^OC6«13 
2-20 CqH^ 7^>^0Ct 0H21 



N 



2-41 2H25-<^-<©^OCi 2H25 



2-61 CgHi 7^X^O|C6Hl 3 

0 



2-70 C 



9Hl9-<£|<0>-Y^12H25 
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2-92 



CH, 



Cl2«25^>©^Oj^-<^^«OC5HTT 
O 



10 



3-18 



J5 



3-60 



20 



3-83 



Cl 0K2KQKU>-°^«2?HC4H9 



25 



Composition S 



43 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition 22-S. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
30 alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1, 
whereby the following results were obtained. 



35 





15*C 


25-C 


35*C 


Response time (usee) 


313 


205 


172 



40 



45 



Comparative Example 7 

A liquid crystal composition 22-Sb was prepared by omitting only Exannple Compounds Nos. 1-4, 1-8. 
1-49. 1-63 and 1-86 from the liquid crystal composition 22-S prepared in Example 22. othen^vise in the 
same manner as in Example 22. 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
liquid crystal composition 22-Sb was injected into a cell. The measured values of the response time of the 
device were as follows. 



50 





15 -C 


25 -C 


35 -C 


Response time (usee) 


362 


233 


178 



As is understood from the comparison between Example 22 and Comparative Example 7. a ferroelectric 
liquid crystal device using the liquid crystal composition 22-S containing the mesomorphic compounds 
55 according to the present invention showed an improved low-temperature operation characteristic, a high 
response speed and a decreased temperature-dependence of the response speed. 
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Example 23 

A liquid crystal composition 23-S was prepared in the same manner as in Example 21 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2, 1-9, 1-16, 1-34, 2-15, 
2-19, 2-25, 2-29, 3-7, 3-13 and 3-92 prepared in Example 21 in respectively indicated proportions. 

Ex.Comp.No. Structural formula wt. parts 

F F 
1-49 C6«13\^?0-\Qypi)-0^"2CHC6Hi3 4 



2-6 



2-33 



2-72 



2-79 



F F 
1-71 C3H7-0-OC-^><P>-°^"2;«C6Hi3 4 

O 



C6«13^X^OC6H,3 



2-17 CflHi,-/n><nV0C7Hic 10 



^8«17-<Q><§>-OC7Hl5 
CllH23-(^>©>-OC6«13 



2-62 C8H,7^><g)^OCC7Hi5 

0 



o 



ClO«21^>^Y"'^"" 
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2-91 



10 



2-96 



75 



3-30 C3H7-^^^CO-^^OCH2CHCqHi 7 8 



20 



25 



30 



3-35 



CioH2iOh(0 



I 
0 



'2^"'-6"1 3 



-N 



3—88 CgH^ y 



Composition S 



OCH2CHC6HT3 



10 



31 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
35 the composition 23-S. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The ferroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1, 
whereby the following results were obtained. 



40 





15*C 


25*C 


35*C 


Response time (usee) 


250 


176 


130 



45 



50 



55 



Comparative Example 8 

A liquid crystal composition 23-Sb was prepared by omitting only Example Compounds Nos. 1-49 and 
1-71 from the liquid crystal composition 23-S prepared in Example 23. otherwise in the same manner as in 
Example 23. 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
liquid crystal composition 23-Sb was injected into a cell. The measured values of the response time of the 
device were as follows. 





15 'C 


25 -C 


35 -C 


Response time (usee) 


360 


245 


165 



152 
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As is understood from the comparison between Example 23 and Comparative Example 8, a ferroelectric 
liquid crystal device using the liquid crystal composition 23-S containing the mesomorphic compounds 
according to the present invention showed an improved low-temperature operation characteristic, a high 
response speed and a decreased temperature-dependence of the response speed. 

5 

Example 24 

A liquid crystal composition 24-S was prepared In the same manner as in Example 21 except that the 
following Example Compounds were used instead of Example Compounds Nos. 1-2, 1-9, 1-16, 1-34. 2-15. 
10 2-19, 2-25, 2-29, 3-7, 3-13 and 3-92 prepared in Example 21 in respectively indicated proportions. 



15 



20 



25 



30 



35 



40 



45 



SO 



55 
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Ex.Comp.No. Structural formula wt. parts 



1-2 



C3H7-^CO-^P)-CT 0H21 



1-21 



CeHl 3-<^f AQK^Q)-°^1 2«25 



1-90 



N- 



0 



1 

0 



1-94 



C5H1 1 -(h\cH20-O<(3>-0?Ci 2H25 2 
> — ' — ' N— ' J 

O 



2-8 C, 



>"13-<^><^°^9«19 



2-13 C^H^s^OXO/OCgHiv 



2-32 



C10H21-(^XP>-°^9H19 



2-55 



CH- 



Cl 2«25^X§^°-^^"2-^rCHOCH3 
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2-74 




Cl0"21-<OXO>0Wl3 



2-75 



ClO«21-(p}<0>-°f7Hl5 



2-82 



'1iH23-<£|kO^Y^»15 
0 



2-1 02 C9H1 90^XO^<^OC8H1 7 



3-19 



CeHl 30-^|0-(§)-PCH2CHCi 2H25 9 
0 



3-49 



^sHl 70h;^CH=CHCO-(^COCH2CHC6Hi 3 6 

O 



3-101 C10H21 




0-tCH2-)-5-OCH2CHCgH^3 8 



Composition S 



31 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except for using 
the composition 24-S. In the ferroelectric liquid crystal device, a monodomain with a good and uniform 
alignment characteristic was observed. The fenroelectric liquid crystal device was subjected to measure- 
ment of response time and observation of a switching state, etc. in the same manner as in Example 1, 
whereby the following results were obtained. 





15-C 


25-C 


35-C 


Response time (usee) 


321 


207 


175 



Comparative Example 9 



A liquid crystal composition 24-Sb was prepared by omitting only Example Compounds Nos. 1-2. 1-21. 
1-90 and 1-94 from the liquid crystal composition 24-S prepared in Example 24. othenvise in the same 
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manner as in Example 24. 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
liquid crystal composition 24-Sb was injected into a cell. The measured values of the response time of the 
device were as follows. 





15 -C 


25 -C 


35 -C 


Response time (usee) 


369 


230 


178 



As is understood from the comparison between Example 24 and Comparative Example 9, a ferroelectric 
liquid crystal device using the liquid crystal composition 24-S containing the mesomorphic compounds 
according to the present invention showed an improved low-temperature operation characteristic, a high 
response speed and a decreased temperature-dependence of the response speed. 

As described above, according to the present invention, there are provided a ferroelectric liquid crystal 
composition and a ferroelectric liquid crystal device containing the composition, which shows a good 
switching characteristic, an improved low-temperature operation characteristic and a decreased tempera- 
ture-dependence of response speed. 



Claims 

20 

1. A liquid crystal composition, comprising: 

at least one mesomorphic compound represented by the following formula (I): 



25 



30 



35 



40 



X 



45 



wherein Ri denotes an n-alkyi group having 1-16 carbon atoms; R2 denotes an optically active or 
inactive group selected from the following groups (i) to (iv): 

(i) n-alkyi group having 1-16 carbon atoms; 

(ii) 



CH3 

wherein m is 1-7 and n is 2-9 with proviso that 3^m-)-n^14; 
Oii) 

CH3 

-^CH2-VCH-f-CH2^0CtH2t+i 



50 



55 



wherein r is 0-7 s is 0 or 1 and t is 1-14 with proviso that 1 S r + s + t ^ 14; and 
(iv) 

-CH2CHCxH2x+l 

wherein x is 1-14 and " denotes an optical active center; 
Yi d notes -C00-, -0C0-. -CH2O- or -OCH2-; Zi denotes a single bond. -0-, -C00-. -OCO- or 
-0C00-; and X denotes a halogen, cyano group or methyl group; and 
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at least one mesomorphic compound represented by the following formula (III): 

F 

R5-24'(^Y2-(b)-Z5-CH-CiH2i+i W) . 

wherein Rs denotes a linear or branched alkyi group having 1-18 carbon atonns; y2 denotes a single 
bond. -C00-. -0C0-. -COS-. SCO-, CH2O-. -OCH2- or -CH = CH-COO-: Z4 denotes a single bond. -0-. 
-COO- or -0C0-; Zs denotes -OCH2-, -COOCH2-. -OCO- or 

-0-{-CH2- ) ]c ^"^^2' ^^^^ denotes 

■(o)-. ■{^' 

<iX°>- <«XE>- <EX!>- <!Xi"^- 

-^^B^ denotes ^^o^ or 



lis 1 - 12 and k is 1 - 4. 

A liquid crystal composition comprising at least one mesomorphic compound represented by the 
following formula (1): 



wherein R\ denotes an n-alkyi group having 1-16 cartKjn atoms; Rz denotes an optically active or 
inactive group selected from the following groups (I) to (Iv): 

(i) n-alkyi group having 1-16 cartxin atoms; 

(ii) 

CH3 

_e-CH2->s-CK-CnH2n+l 

wherein m Is 1-7 and n is 2-9 with proviso that 3Sm + ni14; 
(ill) 



CH. 
1 



3 



_^H2rVCHH-CH2-^OCtH2t+l 

wherein r is 0-7, s is 0 or 1 and t is 1-14 with proviso that 1 :S r + s + t ^ 14; and 
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(iv) 

F 

-CH2CHC^H2^^1 

wherein x is 1-14; and * denotes an optically active center; Yi denotes -C00-, -0C0-, -CH2O- or 
-OCH2-: Zi denotes a single bond, -0-, -C00-. -OCO- or -OCOO-; and X denotes a halogen, cyano 
group or methyl group; 
at least one nr^esonnorphic connpound represented by the following formula (II): 



R3-2 2--K°)'"^npK^!FK5^q^ 3-R4 (II), 

wherein R3 and R4 respectively denote a linear or branched optically inactive alkyi group having 1-18 
carbon atoms capable of having Ci - Ci 2 alkoxy group; Z2 and Z3 respectively denote a single bond, 
-0-, -0C0-, -COO- or -0C00-; and p and q are respectively 0. 1 or 2 and (HI): 

F 



wherein Rs denotes a linear or branched alkyl group having 1-18 carbon atoms; y2 denotes a single 
bond. -C00-, -0C0-, -COS-. SCO-. CH2O-, -OCH2- or - CH = CH-C00-; 7U denotes a single bond, -0-, 
-COO- or -0C0-; Zs denotes -OCH2-. -COOCH2-. -OCO- or 




lis 1 - 12 and k is 1 - 4. 

A liquid crystal composition according to anyone of the claims 1 and 2, wherein the mesomorphic 
compound according to formula (I) represents anyone of the following formulae (1-1) to (1-116) 
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CH 



-/hV- coo -VoV-Toy- c 
w \_y 



H 



17 



H 



coo 




C 10 H 



21 



H 



COO 




C„ H 



23 




.He -{h)-C00-^O) 



C 10 H 



21 
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55 



160 
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1 8 



C4H, -(h)- 



COO 




OC 11 H 23 



- I 9 



C s H 



COO 
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162 
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25 



C 3 H 7 -(H 



N- 

coo -(OHO/ 

N- 



COOC 6 H ,3 



-26 



C4H9 h5)-coo--@H^o;^cooCuH„ 



- 27 



COOC 7 H ,5 



28 



C 8 H 



13 



COO 




COOC n H 23 



- 29 



C 3 H 7 —(h)- 




12 H 2S 
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10 



1-31 



75 



H 7 -{h)- 



CH 




C a H 



17 



20 



1 - 32 



25 



C 4 H 




H 



12 " ZS 



30 



1 - 33 



35 



C s H 



It 



CH 




40 



I -34 



45 



C s H „ -{h}- CH J 0-^-?^ 



C 7 H ,5 



50 



55 
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H 



13 



hV- ch-2 0 




H 



13 



H 



25 



CH 




H 



CH 




-(h)- 



CH 




H 



CH 




OC 7 H ,5 
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H 



13 



CH- 




OC 9 H ,9 



H 



CH 




COOC 6 H ,3 




H 



CH 




COOC 8 H ,7 



F 



H. -(h)- 



COO 




CH 3 
I 

CHC 2 H 
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4 5 



C 5 H 11 



COO 




CH 3 

I 

CH 2 CHC 2 H 5 
* 



46 



c 4 H 9 -\h)- coo -{0)-<0) 



CH 3 
I 

CH 2 >- 3 CHOC 3 H 7 



47 



r-\ }-\ ^-\ 

c 3 H 7 COO -(Q)-<(j) 



CH 3 

1 

OCH 2 CHC 2 H s 
* 



48 



c s H „ -\h)- COO -(0)-<0) 



CH 3 
I 

0< CH 2 >-4 CHOCH 



49 



c 6 H ,3 coo -<o)-<g) 



OCH 2 CHC 6 H ,3 
* 
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50 



CH 



/-\ )-A 

H ,3 —(h)- coo -^0)-<0) 



CH 3 

0-eCH 2 )-3 CHOC 3 H 



5 1 



F 



/-\ }-\ 

: 4 H 9 — (h)— COO -{OMO 



CH 3 

1 

C004CH 2 7-5 CHC 2 



52 



Br 



: 3 H 7 -<h)- coo -{OMO 



COOCH 2 CHC 5 H „ 
* 



53 



CH 



: 5 H „ -(h)- CH 2 0 -^>-^<^-^CH 2 CKC 2 H s 



54 



CH 3 

-eCH-2 ^4 CHCH 3 
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55 



H 



H 




CH 3 
I 

OCH 2 CHC 2 H s 



56 



CN 



CH 3 



: 3 H . -{h}- CH 2 O -^^3)- OCH 2 CHC 2 H 5 



57 



: 4 H 9 -<H 



N- 

CH 2 O -<0>-<p) 



I 

OCH 2 CHC 8 H ,7 
* 



•58 



H „ -(ny- CH 2 o -^)-|o)- COO-^CH 2 > 



CH 3 

I 

■3 CHOC 



-59 



CH 



oco 




C 12 H 



25 
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-60 



C 3 H 



oco 




H 



15 
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-69 



C 10 H 21 
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-70 



C 3 H 7 -(h)- OCO 




OC e H 17 



- 7 1 



C 3 H 7 -{h}- OCO 



OCH 2 CHC 
* 



-72 



/-\ H N-\ 

C 4 H 9 -(h)- OCO -(0)-<0/- ,2 H 25 



-73 



C 4 H , -(h)- OCO -(0)-<0/- OC „ H23 



-74 



C s H 



OCO 




OG 9 H 19 
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7 5 



CH 3 



C ,2 H 35 -(h)- OCO -(^)-<d)- 2 >-3CH0C 3 H , 



76 



c 3 H 7 -{h}- OCO HQ)4o> 



COOC ,2 H 25 



7 7 



r-\ >^ N-\ 

C s H „ -(h)- OCO -(0)-<j2)- POOC „ H 23 



78 



C 6 H ,3 -(h)- OCO 




CH 3 

i 

C00-4CH 2 CHOCH 



79 



CH 3 -(h)- OCH 2-(0)-<0)- C n H 



23 
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1-80 



c 3 H 7 -(h)- och 2 -<OHO) 



C 10 H 



10 " 21 



10 



1-81 



J5 



c 3 H 7 -KhV- och 2 -(OMO) 



CH 3 

I 

CH 2 >-3 CHOC 3 H 7 



20 



25 



1-82 



C 4 H 9 -<H>- OCH 2 -{OMO)— C 8 H ,7 



30 



35 



1-83 



C 5 H „ -< hV- OCH 2- -(OMO 
\ — / \ — / If — / 



C 12 H 



12 " 25 



1-84 



40 



N- 



C 4 H 9 — (hV OCH 2 -(0)-<0>- OG a H ,7 



45 



so 



55 
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85 




86 



H 



OCH 




OC 6 H ,3 



87 



C 8 H „ —(h)- OCH 2 -(OMO) 



OCH 2 CHC 4 H 9 
* 



■88 



e 3 H 7 -(h)- OCH 2 -(OHO)- cooc „ h „ 



-89 



c 3 H 7 — (jy- S2/~n2^ 



OCOC a H ,7 
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-90 



C 5 H„ -<H)— COO 




N- 

'OHO) 



OCOC ,1 H 23 



- 9 I 



CN 



c 6 H ,3 -(hV- COO -idy-id 



CH 3 

I 

OCOCH 2 CHC 2 H 
* 



-92 



C 8 H „ —(h)— COO 



N- 



CH 



(OHO)- OCO-^ CH 2 >-3 CHC : 
N- 



-93 



C 4 H 9 -{hV- CH 2 0 -(Oy-<Oy- OCOC 6 H ,3 



-94 



C s H „ -{h)- CH 2 O 




OCOC ,2 H 25 
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95 



e H „ -{h)-CH 2 0--^)-|<^ 



CH 3 
I 

OCO-eCH 2 ^3 CHC 
* 



96 



C3H7 -(h)- 



oco 



CN 

, . N- 

OHO 

N- 



OCOC 9 H ,9 




99 



C 5 H 



COO 




OCOOC 7 H ,5 
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1 - I 00 



C a H ,7 -(h)- coo -^-<0)- 



CH 3 
I 

OCOOCH 2 CHC 2 H 5 



10 



1-10 1 



75 



C 3 H 7 -^h)-CH 2 <^~^~<0)~ OCOOC ,0 H 2, 



20 



25 



1-102 



CH 



C 4 H 9 — ( H >- OCO -(OHO/- OCOOC ,2 H 25 

w \_y N_y 



30 



35 



1-103 




C s H „ — (hV-OCH 2 -vO)-(6)— OCOOC „ H 23 



1-104 



40 



45 



50 



F 



c 3 H 7 -\h)- coo -(0)-<0)- c 8 h ,7 



55 



178 
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1-105 



c 4 H 9 -<h)- coo -{omo 



C 10 H 



10 " 21 



70 



1-106 



75 



c 4 H 9 -<h)- coo -(OMO)- c „ h 



23 



20 



1-107 



25 



C 5 H „ —(h)- coo -{OMO)- C ti h 



23 



30 



35 



1-108 



C 3 H 7 -\h)- coo -i^)-<0)- C 9 H „ 



1-109 



40 



c 3 H 7 -(h)- coo -(OMO 



C 12 H 



12 " 25 



55 



179 



45 



50 
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1-110 



c 5 H „ ^hV- coo -<0M0) 



C 6 H 



6 " 13 



70 



1-111 



75 



C 8 H a ^h)- coo -(OHO) 



C 10 H 



10 " 21 



20 



1-112 



25 



c 8 H 17 -(hV- coo -(OMO)- c n h 



23 



30 



35 



1-113 



C 6 H n -(h)- coo ~(0M0V- C 3 H 7 



1-114 



40 



10 



-(hV coo -4oy<o) 



C 3 H 7, 



55 
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5 



10 



15 




4. A liquid crystal composition according to claim 1, which comprises another mesomorphic compound 
20 other than those represented by the formulae (I) and (It!) and comprises 1-300 wt. parts each of a 

compound of the formula (I) and a compound of the formula (III), per 100 wt. parts of said another 
mesomorphic compound. 

5. A liquid crystal composition according to claim 1, which comprises another mesomorphic compound 
25 other than those represented by the formulae (1) and (III) and two or more species of compounds from 

each of at least one group of compounds of the formulae (I) and (III) in a total amount of 1-500 wt. parts 
per 100 wt. parts of said another mesomorphic compound. 

6. A liquid crystal composition according to claim 2, which comprises another mesomorphic compound 
30 other than those represented by the formulae (I). (II) and (III) and comprises 1-300 wt. parts each of a 

compound of the formula (I), a compound of the formula (II) and a compound of the formula (III), per 
100 wt. parts of said another mesomorphic compound. 

7. A liquid crystal composition according to claim 1, which comprises another mesomorphic compound 
35 other than those represented by the formulae (I), (II) and (III) and two or more species of compounds 

from each of at least one group of compounds of the formulae (I), (II) and (III) In a total amount of 1-500 
wt. parts per 100 wt. parts of said another mesomorphic compound. 

8. A liquid crystal composition according to anyone of claims 1 to 7. which has a chlral smectic phase. 

40 

9. A liquid crystal device, comprising a pair of electrode plates and a liquid crystal composition according 
to anyone of claims 1 to 8 disposed between the electrode plates. 

10. A liquid crystal device according to claim 9, which further comprises an alignment control layer on the 
45 electrode plates. 

11. A liquid crystal device according to claim 10, wherein the alignment control layer has been subjected to 
rubbing. 

50 12. A liquid crystal device according to claim 9. wherein the pair of electrode plates are disposed with a 
spacing therebetween sufficiently small to release the helical structure of the liquid crystal. 

Patentanspriich 

55 1. Flussigkristallmischung, die 

mindestens eine mesomorphe Verbindung, die durch die folgende Formel (I) wiedergegeben wird: 
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4^ 



(I). 



worin Ri eine n-Alkylgruppe mit 1 bis 16 Kohlenstoffatomen bezeichnet; R2 eine optisch aktive oder 
inaktive Gruppe bezeichnet, die aus den folgenden Gruppen (i) bis (iv) ausgewahit ist: 

(i) n-Alkylgruppe nnit 1 bis 16 Kohlenstoffatomen; 

(ii) 



^^3 

-fcH2^H-CnH2n+l 



worin nn 1 bis 7 ist und n 2 bis 9 ist, wobei vorausgesetzt ist. da6 3 ^ m + n ^ 14; 
(iii) 



CH3 

-{<:H2-)jrCH--(€H247^CtH2t+l 



worin r 0 bis 7 ist, s 0 Oder 1 ist und t 1 bis 14 ist, wobei vorausgesetzt ist, dafl 1 ^ r + s + t ^ 14; 

und 

(iv) 



-CH2CHCxH2x+l ' 

worin x 1 bis 14 ist und * ein optisch aktives Zentrum bezeichnet; 
Yi -C00-, -0C0-, -CH2O- Oder- -OCH2- bezeichnet; Zi eine Einfachbindung. -0-. -COO-, -OCO- oder 
-OCOO- bezeichnet und X ein Halogen, eine Cyangruppe oder eine Methylgruppe bezeichnet; und 
mindestens eine mesonnorphe Verbindung umfaBt. die durch die folgende Formel (Hi) wiedergegeben 
wird: 



R5-Z4--^^^Y2-^B^Z5H3H-CiH21+l (HI) . 

worin Rs eine lineare oder verzweigte Aikylgruppe mit 1 bis 18 Kohlenstoffatomen bezeichnet; Y2 eine 
Einfachbindung. -C00-. -0C0-, -COS-. -SCO-, -CH2O-, -OCH2- oder -CH = CH-COO- bezeichnet; Za 
eine Einfachbindung. -0-, -COO- oder -OCO- bezeichnet; Zs -OCH2-. -COOCH2-. -OCO- oder 



-HO-{cH2^j^O-CH2- 



bezeichnet; 
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-<±y ho^^' 

-<»}-Q-. -{^Xi)-. 

—(^y— bezeichnet; 

II bis 12 ist und k 1 bis 4 ist. 

2. Flussigkristallmischung, die mindestens eine mesomorphe Verbindung. die durch die folgende Forme! 
(I) wiedergegeben wird: 




worin Rt eine n-Alkylgruppe mit 1 bis 16 Kohlenstoffatomen bezeichnet; Rj eine optisch alttive Oder 
inaktive Gruppe bezeichnet, die aus den folgenden Qruppen (i) bis (iv) ausgewahit ist: 

(i) n-Alkylgruppe mit 1 bis 16 Kohlenstoffatomen; 

(ii) 

<fH3 

-(cH2-)j^H-CnH2n+l ' 

worin m 1 bis 7 ist und n 2 bis 9 ist. wobei vorausgesetzt ist, dafl 3Sm + nil 4; 
(iii) 

CH3 ■ 

— (cH2^p<:H-{cH2-)i-OCtH2t+l ' 

worin r 0 bis 7 ist, s 0 Oder 1 ist und 1 1 bis 14 ist, wobei vorausgesetzt ist, daS 1 i r ■•■ s ■*■ t i 14; 

und 
(iv) 

F 

-CH2aJCxH2x+l ' 

it 

worin x 1 bis 1 4 ist und ' sin optisch aktives Zentrum bezeichnet; 
Yi -C00-, -0C0-. -CH2O- Oder -OCH2- bezeichnet; Zi eine Einfachbindung, -O. -C00-. -OCO- oder 

-OCOO- bezeichnet und X ein Halogen, eine Cyangruppe oder eine Methylgruppe bezeichnet; 
mindestens eine nriesomorphe Verbindung, die durch die folgende Formel (II) wiedergegeben wird: 
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worin R3 und FU je eine lineare oder verzweigte, optisch inaktive Alkylgruppe mit 1 bis 18 Kohlenstoff* 
atomen, die eine Ci- bis Ci2-Alkoxygruppe haben kann, bezeichnen; Z2 und Z3 je eine Einfachbindung, 
-0-, -0C0-, -COO- Oder -OCOO- bezeichnen und p und q jeweils 0. 1 Oder 2 bedeuten; und 
mindestens eine mesonr)orphe Verbindung umfa6t, die durch die folgende Formel (III) wiedergegeben 
wird: 

F 

RS-Z4-^A^Y2r7H^B^ (III) , 

worin Rs eine lineare oder verzweigte Alkylgruppe mit 1 bis 18 Kohlenstoffatomen bezelchnet; Y2 eine 
Einfachbindung, -C00-. -0C0-. -COS-. -SCO-, -CH2O-, -OCH2- oder -CH = CH-COO- bezeichnet; Za 
eine Einfachbindung, -0-. -COO- oder -OCO- bezelchnet; Zs -OCH2-, -COOCH2-. -OCO- oder 

-o-{ch2^jKm:h2- 

bezeichnet; 

-<E)- hO^' -^>- hOhO^. 
-^y-Q-. hOKh^. ^^Kh>-. 




— "'^^""^^^ bezeichnet; 

11 bis 12 ist und k 1 bis 4 ist. 

3. RGssigkristallmischung nach einem der AnsprUche 1 und 2, bei der die mesomorphe Verbindung 
gemafl Formel (I) durch Irgendeine der folgenden Formein (1-1) bis (1-116) wiedergegeben wird: 
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40 



45 



50 



55 
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50 



55 
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50 



55 



187 



EP 0 401 522 B1 




H 



COO 




00 12 H 25 




H 



coo 




OC 6 H 



13 
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20 



25 



1-22 



Br 



CsHn -(H)-C00-^4^OCeH,3 



30 



35 



1-23 



CeH„ -{h)-COO-^-|^OCsH« 



40 



45 



1-24 



C 12 H 



25 



-<«>- 



COO 




OC 10 H 21 



so 



55 
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25 



C3 H 



COO 




COOC 6 H 13 



26 

F 

C4H9 -(h)- COO -^g)-<g)- COOC j2H« 



27 

F 

CsHn -(h)- COO -^)-|^ COOC tHis 



-28 

F 

C e H t3 -(h)- COO COOC „ H« 



-29 

F 

C3HT -{h)- CH2 0-^>-?0>-C«H« 
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30 

F 

CH 3 -\H)- CH 2 O-YOMO)- C „ Ha 

31 

r-\ r-\ N-\ 

C 3 H 7 -\H)- CH 2 0-\O/-<jO/- C 8 H „ 

-32 

CH 3 

C4H9 -{h)-CH2 0-^4^C«H« 

-33 

CsHu -(h)- CH20 

-34 

F ■• 

CsHu -(h)- CH 2 O-^-?^ C t H ,5 
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38 



Ca H 




OCioHsi 



1-39 



N- 



CsH„ -(H)-CHaO-(d^5 



OC 7 H ,s 



192 



EP 0 401 522 B1 




30 



1-43 



N- 



35 



C s H u -<H^ CH . 0-<g)-<j9 



COOC 8 H n 



40 



45 



1-44 



N- 



c 3 H , -{h)- coo -<0)-<Q 



CH 3 
I 

CH 2 CHC 2 H s 



so 



55 
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45 



C s H 



COO 




CH 3 
I 

CH 2 CHC 2 H s 
* 



46 



c 4 H 3 -(ny- COO -^)^0) 



CH 3 

1 

CH 2 ^3 CHOC 3 H 7 



47 



c 3 H T -\h)- COO -<0)-^0) 



CH 3 

I 

OCH 2 CHC 2 H s 



-48 



C 5 H„ -(h)- COO -<g)-^ 



CH 3 
I 

0-^CH2 >-4CHOCH 



49 



N- 



C e H„ -(h)- coo -<gy^ 



F 
I 

OCH 2 CHC a Hi3 
* 
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35 



45 



50 



1-50 



CH 



C e H ,3 -(h)- COO -.^4^ 



CH 3 
I 

0-^CH2 ^aCHOCs Ht 
* 



10 



15 



l*-5 1 



C 4 H 9 -<H>- COO -(OMO 



CH 3 

COO-^CHa^sCHCaHs 



20 



2S 



1-52 



Br 



C 3 H T -(h)- COQ -(^-<2 



I 

COOCH 2 CHC 5 H XI 



30 



1-53 



CbHu -(h)-CH2 0-^^-^Q 



CH 3 

CHa^^CHCaHs 



40 



1-54 



C 6 H ,3 -\h)- CH 2 O -(O^Q 



CH 3 

-eCH2>-4CHCH3 



55 
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55 



IsHu -(h)- CH 2 0 



CH 3 
I 

OCH 2 CHC 2 H s 
* 



56 



CN 



CH 



-57 



C 4 H 9 -(h)- CH 2 0 -\0/-<0^ 



1 

OCH 2 CHC 8 H rr 
* 



-58 



H 



„ -^)- CH 2 O -^^^ COO-^CH 2 ^ 



CH 3 
I 

•3 CHOC : 



-59 



CH 3 -(h)- oco -(0/-<p) 



Ci2 H 25 
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60 



c 3 H T -(h)- oco -<Q)-p) 



C 7 H 



7 n 15 



61 



C 3 H T -(h)- oco -i^}-^ 



C 12 H 



12 " 25 



-62 



c 3 H T -(h)- oco -(Q)-^ 



CH 3 
I 

CH 2 CHC 
* 



-63 



C4H9 -(h)- OCO -<0)-<Q 



C fl H 



B " rr 



64 



C4 Hs -(h)- 



OCO 




C- H 



9 n 19 
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65 



Cs H 



II 



oco 




66 



CsH„ -^(h)-OCO -©-|c 



CH 3 

•CH 2 >-3 CHC 

* 



-67 



c 5 H„ -\h)- oco -<0)-^Q 



C a H 



8 " 17 



-68 



N- 



C 6 H« -{h)- oco -^^-0- O 6 Ht3 



-69 



C8H„-(H)-0Cd-^-| 



C in H 



10 " 21 
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-7 1 



C 3 H , -{h)- OCO -^)-<^ 



OCH 2 CHC 



-72 



-(h)- oco -(o)-<0)-oc«H2s 



-73 



C 4 H 9 -(h)- oco -<^-<jO)- 0C„ H23 



-74 



Br 



CsH„ Hghoco-^>-|5 



OC 9 H 19 
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12 H25 



oco 




CH 



0-(CH 2 H CHOC 3 H7 



/-A }-\ N-^ 

3 H 7 — (h/- -(0)-<0)- COOC 12 Hzs 



77 



C 5 H„ -(h)- OCO -^-^^COOCu H23 



78 



c 6 H >, -{h)- oco coo-ica 2 



CH 3 
CHOCH 



79 



CH 



-(h)- och 2 -sO)-<0, 



C,iH 
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80 



OCH 




C 10 H 



21 



-81 



c 3 H T -(h)- och 2 -<Qy-^ 



CH 3 
I 

CH 2 >3 CHOC 
* 



-82 



C4H, -{h)-och2 



C a H 



8 " n 



83 



CsHn -<h)- OCH 2 -^^^ 



C 12 H 2S 



-84 



C4H 9 — (h)- 



OCH 




OC 8 H 17 
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85 



Br 



C s H t, -(h)- OCH 2 -<0/-^Q 



CH 3 
1 

2 >-s CHC 



86 



Cs H 



OCH 




OC 6 H 13 



-67 



Ca H 



n-<H>- 




GCH 2 CHC 4 H 9 
* 
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1-90 



C 5 H „ -<H>- COO -(0)-(0) 



OCOC u H 23 



10 



15 



1-91 



CN 



C 6 Hx3 -(h)- coo -^-<0, 




CH 3 

OCOCH 2 CHC 2 H s 
* 



20 



25 



1-92 



Ca H 



COO 



, X N- 



CHs 

OCO-eCH 2 5-3 CHC 3 H 1 



30 



35 



1-93 




C 4 H 9 -{h)- CH 2 O -^-<j^- OCOC e Hi3 



1-94 



40 



C 5 H „ -(h)- CH 2 0 -^-<^ OCOC H a 



45 



50 



55 
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100 



Cs H 



n-<H>- 



coo 



N- 



CH 3 
1 

OCOOCH 2 CHC 



10 1 



C3H. -(h)-ch 2 (H2^0) 




OCOOC 10 H 21 



-102 



CH 



C^Hs -(h)- OCO 



OCOOC 12 Has 



-103 



C s Hu -^)-OCH 2-^-<jO 




OCOOC u H 23 



-104 



C3H7 -{h)- COO -<^-<^Q 



C B H 



8 17 
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105 



C 4 H 9 -{h)- coo 



C 10 H 



10 n. 21 



-106 



c 4 H 9 -(h)- coo -^)-|o 



CuH 



11 "23 



107 



c 5 H „ -{h)- coo -(Q^-^ 



Cti H 



108 



C 3 H 7 COO -\0)-<jQ 



C 9 H 19 



-109 



C 3 H T -{h)- COO -©-<^ 



C 12 H 



12 ^2S 



206 
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50 
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1-110 



C5Hu-{h}-coo--^^^ 



Ce H 



6 13 



10 



1 - II 1 



75 



C s H „ -<h)- COO --^)-|0 



C 10 H 



10 "21 



20 



1-112 



25 



C8H„-0-COO-^)4^ 



C„H 



n "23 



30 



35 



1-113 



N- 



H„ -<h)- COO -<o;h^o) 



C 3 H 7 



1-114 



40 



C 10 H 21 



C 3 H 



3 " T 



55 
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5 



10 



15 




4. Flussigkristallmlschung nach Anspruch 1, die eine andere mesomorphe Verbindung umfaBt die von 
20 denen, die durch die Formein (1) und (III) wiedergegeben werden, verschieden ist, und pro 100 

Masseteile der erwahnten anderen mesomorphen Verbindung je 1 bis 300 Masseteile einer Verbindung 
der Formel (1) und einer Verbindung der Forme! (Ill) umfaBt, 

5. Flussigkristallmlschung nach Anspruch 1 , die eine andere mesomorphe Verbindung, die von denen. die 
25 durch die Formein (I) und (III) wiedergegeben werden, verschieden ist, und zwei oder mehr Spezies 

von Verbindungen aus jeder von mindestens einer Gruppe von Verbindungen der Formein (I) und (III) in 
einer Gesamtmenge von 1 bis 500 Masseteilen pro 100 Masseteile der erwahnten anderen mesomorp- 
hen Verbindung umfaBt. 

30 6. Flussigkristallmlschung nach Anspruch 2, die eine andere mesomorphe Verbindung umfaSt, die von 
denen, die durch die Formein (I), (II) und (III) wiedergegeben werden, verschieden ist, und pro 100 
Masseteile der erwahnten anderen mesomorphen Verbindung je 1 bis 300 Masseteile einer Verbindung 
der Formel (I), einer Verbindung der Formel (H) und einer Verbindung der Formel (III) umfaflt. 

35 7. FlUssigkristallmischung nach Anspruch 2, die eine andere mesomorphe Verbindung, die von denen, die 
durch die Formein (I), (II) und (Ml) wiedergegeben werden, verschieden ist, und zwel oder mehr Spezies 
von Verbindungen aus jeder von mindestens einer Gruppe von Verbindungen der Formein (I). (II) und 
(III) in einer Gesamtmenge von 1 bis 500 Masseteilen pro 100 Masseteile der erwahnten anderen 
mesomorphen Verbindung umfaSt. 

40 

8. FlUssigkristallmischung nach einem der AnsprOche 1 bis 7, die eine chirale smektische Phase hat 

9. FlUssigkrlstalivorrichtung. die ein Paar Elektrodenplatten und eine FlUssigkristallmischung nach einem 
der AnsprUche 1 bis 8. die zwischen den Elektrodenplatten angeordnet ist, umfaBt. 

45 

10. RUssigkristallvorrichtung nach Anspruch 9, die ferner auf den Elektrodenplatten eine Ausrichtungsein- 
stellungsschicht aufweist. 

11. FIGssigkristallvorrichtung nach Anspruch 10, bei der die Ausrichtungseinstellungsschlcht einer Reibbe- 
50 handlung unterzogen worden ist. 

12. FIGssigkristallvorrichtung nach Anspruch 9, bet der das Paar Elektrodenplatten mit einem Abstand 
dazwischen angeordnet sind. der ausreichend gering ist, um die schraubenformige Struktur des 
FiUssigkristalls zu lockem bzw. abzuwickeln. 

55 
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Rev ndications 



1. Composition de cristal llquide, comprenant : 

au moins un compost m^somorphe repr^sent^ par la formule (1) suivante : 



X 





dans laquelle Ri repr^sente un groupe n-alkyle ayant 1^16 atomes de carbone ; R2 represente un 
groupe optlquement actif ou Inactif choisi entre les groupes (i) et (iv) suivants : 

(i) un groupe n-alkyie ayant 1 a 1 6 atomes de carbone ; 

(ii) un groupe 



dans lequel m a une valeur de 1 ^ 7 et n a une valeur de 2 ^ 9, sous reserve que 3 ^ m + n $ 14; 
(iii) un groupe 



dans lequel R a une valeur de 0 ^ 7, s est ^gal ^ 0 ou 1 et t a une valeur de 1 k 1 4. sous reserve 
que 1 ^ r + s+t ^ 14 ; et 
(iv) un groupe 



dans lequel X a une valeur de 1 14 et le signe ' d^slgne un centre optlquement actif ; 

represente un groupe -C00-, -0C0-. -CH2O- ou -OCH2- ; Zi reprSsente une liaison simple. -0-, un 
groupe -C00-, -OCO- ou -OCOO ; et X represente un halogens, un groupe cyano ou un groupe 
m^thyle ; et 

au moins un compost m^somorphe repr^sent6 par la formule (III) suivante : 



dans laquelle Rs represente un groupe aikyle lin^aire ou ramifi^ ayant 1 ^ 18 atomes de carbone ; Y2 
represente une liaison simple, un groupe -C00-. -0C0-. -COS-, SCO. CH2O-. -OCH2- ou =CH = CH- 
COO- : 2a represente une liaison simple, -0-, un groupe -COO- ou -OCO- ; Zs represente un groupe 
-OCH2-,-COOCH2-. -OCO- ou 





F 



-CH2CHC3^H2x+i 



F 




-0-f-CH2 ) k 0-CH2/ 
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le groupe 



represents un groupe 



10 



<^h<^- <E><I>' <IX^- 



16 

le groupe 



20 



<H>: 

repr^sente un groupe 

^ ou -0<£}- ; 

I a une valeur de 1 a 12 et k a une valeur de 1 a 4. 

30 2. Composition de crista! liquide comprenant au moins un compose mesomorphe represente par ia 
formule (I) suivante : 



25 



35 



dans laquelle Ri represents un groupe n-alkyle ayant 1^16 atomes de carbone ; R2 represente un 
40 groupe optiquement actif ou inactif choisi entre les groupes (i) k (iv) suivants : 
(i) un groupe n-alky!e ayant 1 2i 16 atomes de carbone ; 
(il) un groupe 

CH3 

dans lequel m a une valeur de 1 St 7 et n a une valeur de 2 ^ 9, sous reserve que 3 :S m ■•■ n ^ 14 ; 
50 (III) un groupe 

CH3 

-f-CH2r-VCH-^-CH2-^OCtH2t^.i 

dans lequel r a une valeur de 0 I 7, s est egal ^ 0 ou 1 et t a une valeur de 1 ^ 14, sous reserve 
que 1 S r + s + t5 14 ; et 



55 
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(iv) un groups 



F 

-CH2CHC,,H2^^a 

dans lequel x a une valeur de 1 ^ 14, et le signe " d^signe un centre optiquement actif ; 
Yi represents un groups -C00-, -0C0-, -CH2O- ou -OCH2- ; Z^ represents une liaison sinnple, -0-, un 
groups -C00-. -OCO- ou -OCOO- ; X rspr^ssnts un halogens, un groups cyano ou un groups methyls 

au molns un compost m^somorphs rspr^ssnt^ par la formule (11) suivante : 



dans laquelle R3 et FU representent respsctivement un groupe alkyle lineaire ou ramifie optiquement 
inactif ayant 1 ^ 18 atomes de carbone pouvant porter un groupe alkoxy en Ci a C12 ; 22 et Z3 
representent respectivement une liaison simple, - -0C0-, -COO- ou -OCOO- ; et p et q sont 
rsspsctivemsnt §gaux ^ 0. 1 ou 2 ; et 

au moins un compost m^somorphs rspr^ssnt^ par la formuls (111) suivants : 



F 

^5-24-<2^Y2-(b^Z5-CH-^^^ (III), 

dans laquslls Rs rspr^ssnts un groups alkyls lineaire ou ramifie ayant 1^18 atomes de carbone ; Y2 
represents uns liaison simpis, un groups -C00-. -0C0-. -COS-, SCO-. CH2O-, -OCH2- ou -CH = CH- 
COO- ; Z4. represente une liaison simple, -0-, un groups -COO- ou -OCO- ; Zs rspr^ssnts un groups 
-OCH2-. -COOCH2-. -OCO- ou 

rspr^ssnts un groups 

-©.. <!>-. -GJ-.-^iXZ)- <i><D-- -©<>>■■ ■©<!>- 



rspresente un groups 
I a uns valsur ds 1 ^ 1 2 st k a uns valsur ds 1 ^ 4. 
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Composition de crista! liquide suivant I'une quelconque des revendications 1 et 2, dans laquelle le 
compose mesomorphe de formule (() r^pond a I'une quelconque des formules (1-1) a (1-116) suivantes 



1 - I 



CH 




8 H 17 



I - 2 




C 10 H 



21 



I - 3 




C„ H 



23 
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CsH„ "{H)-COO--^H^CeHn 



10 



I - 8 



CsHn --(h)-COO-^-41^CioH^^ 



75 




55 



213 



EP 0 401 522 B1 



10 



15 



I - M 



C 3 H 7 -(»}- COO -@)-<6)- OC , H ,5 



1-15 



. F 



C 3 H 7 — (hV- coo -toV-<0^ OC e H „ 



20 



1-16 



C 3 H , -(h)- coo -feV-<0)- OC ,2 H 2s 
V_/ V_/ 



35 



1-17 



30 



N- 



C4H9 -(hV- coo -(OHO) 



OC 9 H J9 



35 



1-18 



40 



C V H , -(H 



N- 




coo-<0)-(0) 



OC tl H 23 



45 



1 - 19 



50 



c s H n -yy- COO -■^0)--<0)- OC 6 H ,3 



55 
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22 



c 8 H „ -(h)- coo -(py-iO) 



H 



13 
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1-25 



C 3 H 7 —Gi)— COO -toy-<OV- COOC 6 H ,3 



10 



1-26 



»5 



c 4 H s coo — \0/-^0/— COOC « h zs 



20 



.1-27 



25 



C s H „ — ( hV- coo —(OHO)- COOC 7 H ,5 



30 



1 - 28 



3S 



C 6 H ,3 —(h)— COO — (0)-(0)— COOC „ H 23 



40 



I - 29 



45 



/-\ }-\ N-^ 

C 3 H T — \2v~ ^" ^ ^ \2)~N^ 



C 12 H 



12 ri 25 



50 



55 
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1-30 



CH 3 -(h)- CH 2 0-<O>-(O)- C „ H 



23 



10 



1-3 1 



fS 



C 3 H 7 -(h)- CH 2 0-(O)-(O 



C a H 



8 " n 



20 



35 



I - 32 



CH 



c 4 H 9 -(h/- CH 2 o-(g)-<(5 



C 12 H 



12 " 25 



30 



35 



1 - 33 



c e. 



c 5 H „ -<h)- CH 2 0-<O)-(O) 



C 6 H 



6 " 13 



40 



1 - 34 



50 



C 5 H „ -(hV- CH 2 0-<O)-(O)- C T H .5 
\_/ \_/ N_/ 



55 



217 



EP 0 401 522 B1 



1-35 



H 



13 



CPf. 




H 



13 



70 



1-36 



15 



12 H 2S 




12 H 2S 



20 



1-37 



25 



H 



CH 




OC 6 H ,3 



30 



I -38 



35 



C 3 H 7 -(^)— C 



CH 




OC ,0 H 



to " 21 



40 



1 - 39 



45 



H „ -(h)- 



CH 
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4. Composition de cristal liquide suivant la revendicatlon 1, qui comprend un autre compose mesomor- 
20 phe. autre que ceux represent^s par les formules (I) et (III), et qui comprend un compose de formule (I) 

et un compose de formule (III) chacun en une quantite de 1 a 300 parties en polds, pour 100 parties en 
poids dudit autre compost m^somorphe. 

5. Composition de cristal liquide suivant la revendication 1, qui comprend un autre compose mesomorphe 
25 autre que ceux repr^sent^s par les formules (I) et (III), et deux ou plus de deux types de composes de 

chacun d'au moins un groupe de composes de formule (I) et (III) en une quantity totale de 1 h 500 
parties en poids pour 100 parties en poids dudit autre compost mesomorphe. 

6. Composition de cristal liquide suivant la revendication 2, qui comprend un autre compost mesomorphe 
30 autre que ceux representes par les formules (I), (II) et (III), et qui comprend un compose de formule (I), 

<jn compost de formule (II) et un compost de formule (111) chacun en une quantity de 1 k 300 parties 
en poids, pour 100 parties en poids dudit autre compose mesomorphe. 

7. Composition de cristal liquide suivant la revendication 1, qui comprend un autre compose mesomor- 
35 phe, autre que ceux representes par les formules (I), (II) er (III), et deux ou plus de deux types de 

composes de chacun d'au moins un groupe de composes de formule (I), (II) et (III) en une quantite 
totale de 1 k 500 parties en poids pour 100 parties en poid dudit autre compose mesomorphe. 

8. Composition de crista! liquide suivant Tune quelconque des revendications 1^7, qui comprend une 
40 phase smectique chirale. 

9. Oispositif k cristaux liquides, comprenant une paire de plaques servant d*eiectrodes et une composition 
de cristal liquide suivant I'une quelconque des revendications 1^8 disposee entre les plaques servant 
d'eiectrodes. 

45 

10. Disposltif k cristaux liquides suivant la revendication 9, qui comprend en outre une couche d'ajuste- 
ment d'alignement sur les plaque servant d'eiectrodes. 

11. Disposltif k cristaux liquides suivant la revendication 10, dans lequel la couche d'ajustement d'aligne- 
50 ment a ete soumise k un frottement. 

12. Disposltif k cristaux liquides suivant la revendication 9, dans lequel les deux plaques servant d'eiectro- 
des sent disposees avec entre elles un espace suffisamment petit pour liberer la structure heilcoTdale 
du cristal liquide. 
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